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Preface 



With the dawn of the 21th century has come the re- 
alization that bone and joint diseases are the major 
cause of pain and physical disability worldwide. More- 
over, according to the WHO Scientific Group, there 
are more than 150 musculoskeletal diseases and syn- 
dromes, all of which are usually associated with pain 
and loss of function. It is undoubtedly these insights 
that prompted the WHO to declare the first 10 years 
of the new century as “The Bone and Joint Decade 
2000-2010”. This declaration obviously made a highly 
significant impact on international, national and medi- 
cal authorities, as well as on physicians, scientists and 
citizens worldwide as evidenced by an overwhelm- 
ing flood (a regular tsunami) of articles, studies and 
books on the subject in the last few years alone! That 
is not to mention the coverage in newspapers and 
journals, on the radio and television and of course 
all the up-to-date information freely available on the 
Internet. The number of people suffering from these 
diseases - already many millions in the developed and 
underdeveloped countries of the world is expected to 
double within the next 20 years. In many countries 
this increase will be even greater due to the longer 
survival and consequently larger numbers of older 
people in the population. It is therefore inevitable that 
the already astronomical costs of health care will rise 
proportionally. According to the National Osteoporo- 
sis Foundation (NOF), the worldwide incidence of hip 


fracture is projected to increase by 240% in women 
and 310% in men by 2050, unless appropriate preven- 
tive measures are taken on sufficiently large national 
and international scales, for which, hopefully, this 
book will provide a stimulus! 

On the positive side, the enormous amount of 
work, research and study of bone disorders over the 
past 10-20 years or so has contributed greatly to our 
understanding of the causes, treatment and prevention 
of osteoporosis and other disorders. Most importantly 
perhaps, the skeleton is now regarded in a new light, 
as a dynamic organ undergoing constant renewal 
throughout life from start to finish, from the cradle 
to the grave. And what is more: it is now abundantly 
clear that the skeleton participates, usually not to its 
advantage, in almost every condition that may affect 
the organs and tissues in the body! This applies es- 
pecially to osteoporosis, which is now under control! 
How did this come about? 

• Because of the elucidation of many of the factors 
involved in osseous remodelling. 

• Because of the development of simple, fast, reli- 
able and non-invasive methods for measuring bone 
density and for testing other factors such as miner- 
alization, trabecular architecture, cortical thickness 
and the bone cells themselves. 

• Because of the identification of general and indi- 
vidual risk factors, such that appropriate measures 
can be taken to prevent development of osteoporosis 
and/or its progression, if and when fractures have 
already occurred. 

• And finally, because effective medication for pre- 
vention and therapy is now readily available world- 
wide. 
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Preface 


The efficacy of the classes of compounds known as 
‘bisphosphonates’ as well as of selective oestrogen 
receptor modulators (SERMs) and, more recently, of 
the anabolic parathyroid hormones has now been un- 
equivocally established by numerous large multicen- 
tre trials involving literally millions of patients. In 
addition, simple methods such as a healthy lifestyle, 
adequate nutrition, sufficient physical activity and vi- 
tamin D and calcium supplements, as required, can be 
recommended and adopted on a large scale, beginning 
with the responsible authorities and reaching to the 
individual citizens. Introduction and acceptance of 
these methods requires public awareness and sup- 
port and the realization that every individual is the 
guardian and caretaker of his/her own bones and re- 
sponsible for their structural and functional integrity. 
Fortunately, some progress has been made, as shown 
by the numerous articles recently published from the 
“four corners of the globe” which unequivocally es- 
tablish the epidemic proportions of the problem. Well- 
founded diagnostic techniques and effective therapies 
- both antiresorptive and osteo-anabolic - are now 
available for the prevention, diagnosis and treatment 
of osteoporosis. It should be emphasized that the treat- 
ments recommended in this text are all founded on 
“evidence-based medicine” (unless otherwise stated) 
for which the appropriate references are given at the 
end of the text. 

The aim of this book is to demonstrate that “bone is 
everybody’s business” and especially every patient’s 
and doctor’s, and to provide guidelines for the diag- 
nosis, therapy and prevention of osteoporosis - from 
paediatrics to geriatrics. It is hoped and anticipated 
that this book will raise awareness and provide infor- 
mation to anyone seeking it, and especially to doctors 
across all disciplines concerned with this preventable 
and treatable disease. 

The main subjects of the first edition of this book 
were primary and involutional osteoporoses, while 
the secondary osteoporoses only received ‘secondary’ 


attention. However, statistics published some years 
ago estimated that 40% of osteoporoses in women 
and 50% in men are secondary. Most probably with 
the increase in survival and therefore the number of 
older people in many populations, these proportions 
have also increased. In addition, the increase in sur- 
vival of patients with co-morbidities due to improved 
therapeutic and management strategies must also be 
taken into account. Therefore, in this edition, more at- 
tention has been paid to the recognition of metabolic 
interactions, risk factors, diagnosis, therapy and man- 
agement of secondary osteoporoses. 

Novel directions in classifications and inter-re- 
lationships of major diseases and their subtypes, in- 
cluding osteoporosis, as well as in the application of 
the particular up-to-date criteria required by systems 
biology and by the relatively novel fields of genomics, 
metabolomics and pharmacogenomics, among others, 
are briefly mentioned but not actually utilized in this 
text. All of the above have been developed, confirmed 
and published and many have gained recognition and 
approval, although widespread acceptance and utili- 
zation is only just beginning. Consequently, we have 
adhered stringently to simplicity, comprehensiveness, 
and practicality of approach to examinations, methods 
and implementation of up-to-date testing, prevention 
strategies, diagnosis criteria, and presentation of ther- 
apeutic possibilities, as well as to our own particular 
goal which is to keep this text as “user-friendly” as 
possible, so that any doctor seeking information on 
a particular topic in osteoporosis and associated and 
secondary osteopathies has uncomplicated and time- 
saving access to such information. We wish all our 
readers success in their endeavours to help patients 
and to reduce suffering in this strife-ridden, beautiful 
planet of ours. God bless you all! 

Munich, Tel-Aviv and Ulm Reiner Bartl 

Bertha Frisch 
Christoph Bartl 
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Osteoporosis: A Silent Thief! 

A young healthy adult can hardly imagine that he/she 
will ever suffer from osteoporosis. 

Moreover, when an older individual sustains a frac- 
ture or notices a gradual decrease in height, the first 
reaction is: “This cannot be true, this can’t be happen- 
ing to me. Why should I have osteoporosis? I never 
had a single problem with my bones in all my life!” 
And that is just the problem! 

Osteoporosis slowly but surely nibbles away at the 
bones, possibly unnoticed for years, until finally it is 
exposed by the occurrence of a fracture almost without 
cause! And so the vicious circle begins and the patient 
is suddenly confronted by many psychological, social 
and possibly financial problems, which at times may 
appear overwhelming: starting from the fracture itself, 
leading to pain, possibly deformities, anger, anxiety, 
frustration, depression, loss of self-esteem, decreased 
mobility and finally even social isolation. One of the 
most appropriate and effective sources of help is the 
local osteoporosis support group, where patients can 
learn from other patients who have had similar experi- 
ences, how best to cope with their new challenges. Un- 
fortunately, many people who are at risk are unaware 
of it and have not yet adopted preventive measures or 


received treatment. Some estimates suggest that less 
than 30 % of women with osteopenia/osteoporosis are 
correctly diagnosed, and less than 15% of those di- 
agnosed receive treatment for prevention in cases of 
osteopenia or therapy in established osteoporosis. 

The situation is even worse for men, because it has 
only recently been recognized that osteoporosis shows 
no gender discrimination - it only attacks men later 
than women; that is to say, at the time of the andropause 
when the levels of male hormones start to decrease and 
androgen deficiency occurs - from about 50-60 years 
of age onwards. It has now been calculated that men >50 
years have a 13 % lifetime risk for fractures! 

Regrettably, some doctors still regard osteoporo- 
sis as a “normal” aspect of ageing; a process whereby 
organisms gradually “lose the capacity to deal with 
life’s stresses effectively”. The “ageing process” in- 
cludes pathophysiological changes such as decreases 
in muscle and bone mass; and these in turn are brought 
about by quantitative, structural and functional altera- 
tions in mechanisms participating in the control of all 
the systems in the body. These changes may affect 
the structure of individual cells and their constituents 
such as mitochondria, as well as changes in cytokines 
and other factors produced by cells. However, many 
of these mechanisms can be favourably influenced by 
outside interventions! We can no longer accept osteo- 
porosis as a “normal component” of ageing, which im- 
pinges on, or even ruins, the active life of more than 
half of all women over 50 years of age, and nearly as 
many men over 70 years! The purpose of this book is 
to unmask the bone robbers and to provide guidelines 
for the early prevention, correct diagnosis and suc- 
cessful treatment of osteoporosis. 


R.Bartl, B. Frisch, Osteoporosis, DOI 10.1007/978-3-540-79527-8_l, 
© Springer-Verlag Berlin Heidelberg 2009 
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1 Epidemiology of Osteoporosis 


1.2 

Osteoporosis: The Global Scope 
of the Problem 

Today many in the medical profession and in health 
care authorities have come to the realization that os- 
teoporosis can affect everybody from newborn babies 
to the oldest of the old; and significantly, that both sex- 
es are equally prone and vulnerable, and under similar 
conditions the difference is mainly a temporal one! 
Osteoporosis is now identified as one of the 10 most 
important conditions affecting the entire human race, 
along with others such as cardio-vascular disorders, 
hypertension, stroke and diabetes mellitus, and it is es- 
sential to take into consideration that each of these dis- 
orders is itself a risk factor for osteoporosis! In some 
cases there is an independent association between two 
diseases, not related to age or any other known factor: 
for example, atherosclerosis and osteoporosis, both 
degenerative chronic diseases, prevalent in developed 
countries. An estimated 44 million people suffer from 
osteoporosis in the US alone, as do equally high per- 
centages of the populations in many other countries in 
the Americas, Europe and Asia. Moreover, it has been 
estimated that the numbers of people with osteope- 
nia/osteoporosis in the US will increase to 52 million 
by the year 2010 and to 61 million by the year 2020. 
Other calculations claim that there are already over 
200 million osteoporotic people in the world today: 
one in three women and one in eight men! With global 
awareness and participation in preventive measures, 
these numbers could be reduced, not permitted to 
increase! It has been pointed out that understanding 
the epidemiology of osteoporosis is essential for the 
development of strategies suitable for application to 
large segments of whole populations if this epidemic 
is to be contained and finally eradicated! 

Fracture of a bone is the most significant conse- 
quence of osteoporosis. For comparison, while ev- 
ery eighth woman suffers from breast cancer, every 
third woman sustains a fracture due to osteoporosis. 
Although osteoporosis can attack any bone in the 
body, the typical sites of osteoporotic fractures are 
the hip, the spine and the wrist. Of the 1.3 million 
fractures that occur annually in the US in patients 
aged over 45 years, 70 % are attributable to osteopo- 
rosis. From the age of 50 years onwards, a woman 
has the following risk for a fracture: 


• Vertebral 32 % 

• Fower arm 16 % 

• Hip 15% 

Furthermore, a hip fracture poses an increased risk 
of mortality (Fig. l.la,b) related to possible co-mor- 
bidities such as rheumatism, chronic cardiovascular 
disease, stroke, chronic lung disorders, as well as the 
complications secondary to surgical treatment of the 
fracture itself. Nearly 50 % of patients with hip frac- 
tures never fully recover the mobility and indepen- 
dence they previously had, and an additional 25% 
require a long-term nursing facility or home care. Mor- 
tality after a hip fracture is estimated to range from 
12 to 35 % which is higher than that expected in the 
general population. The risk of a woman dying from 
a hip fracture (2.8 %) is equal to that of dying from 
breast cancer and four times greater than that of dying 
from endometrial cancer (0.7 %). The highest mortal- 



Relative risk 


b 

Cumulative mortality (%) 



Time at Risk (Months) 

Fig. 1.1a, b. (a) Risk of mortality following clinical fractures 
(modified from Cauley et al. [2000]). (b) Risk of mortality in 
the pre- and post-fracture setting 
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ity typically occurs within the first 6 months after a 
fracture, but some studies have shown a sustained 
effect over a longer period. It has been estimated that 
the respective figures for men are worse than those 
given above for women. 

A general approach to quantify the burden of any 
disease is to assess the disability it incurs, including 
deaths due to the disease itself, as well as the disabil- 
ity that remains in survivors. The approach based on 
disability-adjusted life years (DALYs) lost allows a 
comparison with other diseases (Fig. 1.2). Osteoporo- 
sis accounts for more DALYs than rheumatoid arthri- 
tis, asthma or hypertensive heart disease. With regard 
to neoplastic disorders, the burden of osteoporosis is 
greater than that for cancer at all sites, with the excep- 
tion of pulmonary cancer (Fig. 1.3). 

Monetary costs associated with osteoporotic frac- 
tures are tremendous: approximately 40 million US 
dollars daily in the US. The total cost for medical and 
hospital expenses, possibly nursing-home care and 
lost productivity reached 17 billion US dollars in 2005 
(Fig. 1.4a,b)! Hip fractures alone account for about 
60% of these costs, and fractures at other sites for 
about 40%. In the year 2000, there were estimated to 
be 620, 000 new fractures at the hip and 620, 000 clini- 
cal spine fractures in men and women aged 50 years 
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Fig. 1.2. Burden of diseases estimated as disability-adjusted 
life years (DALYs) lost due to selection of non-communicable 
diseases in Europe (modified from Johnell and Kanis [2006]). 
IHD, ischaemic heart disease; COPD, chronic obstructive pul- 
monary disease; OA, osteoarthritis; RA, rheumatoid arthritis; 
BPH, benign prostatic hyperplasia 


Osteoporosis 

Lung 
Colorectum 
Breast 
Stomach 
Lymphoma/Myeloma 
Leukaemia 
Pancreas 
Oropharynx 
Prostate 
Liver 
Ovary 
Uterus 
Bladder 
Oesophagus 
Cervix 
Skin 

0 1000 2000 3000 

DALY’S (000) 

Fig. 1.3. Burden of disease estimated as disability-adjusted 
life years (DALYs) lost due to selection of neoplastic diseases 
in Europe (modified from Johnell and Kanis [2006]) 


or over in Europe. In many countries the population as 
a whole is living longer and the proportion of elderly 
people is increasing, especially those aged 85 years 
or more. Global demographic changes are expected 
to increase the incidence of hip fractures nearly four- 
fold by the year 2050. Each year, osteoporotic frac- 
tures affect more women than heart attacks, strokes 
and breast cancer combined. Indeed, the economic 
costs of osteoporosis are as significant as those of 
chronic obstructive pulmonary disease, myocardial 
infarction, strokes and breast cancer. The recently 
updated economic estimate indicates that nationwide 
measures for osteoporosis prevention and treatment 
are cost-effective when the 10-year probability of a 
hip fracture reached 3 % of the whole population, as 
shown in a recent US position paper (2008). Using a 
value of approximately 63,000 Euros per quality-ad- 
justed life -year (QALY) gained as a threshold for cost 
effectiveness, treatment of osteoporosis with alendro- 
nate, risedronate, ibandronate, zoledronate, strontium 
or raloxifene was cost-effective in all populations, 
except for 50 -year- old women without a previous ver- 
tebral fracture, since the average fracture risks are 
relatively low in this age group (Fig. 1.5). However, in 
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Fig. 1 ,4a, b. (a) Fracture distribution by type in the US, 2005. 
(b) Cost distribution by type in the US, 2005 (modified from 
Burge et al. [2007]) 


all other cases of postmenopausal women the cost per 
QALY gained was below 63,000 Euros. The absolute 
10-year hip fracture probability at which intervention 
became cost-effective was similar across race/ethnic- 
ity groups, but tended to be slightly higher for men 
than for women. 


Probability (%) 




T-score 

A 






-2 



-1 



0 





50 60 70 80 


Age (years) 

Fig. 1.5. Ten-year probability of hip fracture in Swedish men 
and women, according to T-scores assessed at the femoral neck 
by DXA. Probability scale is logarithmic. The blue line repre- 
sents the probability at which interventions are cost-effective 
(modified from Kanis et al. [2005]) 

Another highly significant aspect of osteoporosis, 
as mentioned previously, is the fact that numerous 
disorders in most medical disciplines have deleteri- 
ous effects on the bones - primarily involving osteo- 
porosis. Examples of some such conditions include: 
infections and inflammatory disorders, e.g. AIDS and 
inflammatory bowel disease, cardiovascular disor- 
ders, diabetes mellitus and the metabolic syndrome, 
neurologic conditions such as Parkinson’s disease and 
epilepsy; in oncology, cancers of the breast, prostate, 
lung and colon, congenital disorders such as osteo- 
genesis imperfecta and interdisciplinary causes such 
as effects of drugs - a notable example are the glu- 
cocorticoids - and, last but not least, transplantations 
of cells and of organs. One report listed 60 different 
processes and conditions in which the New Bone Bi- 
ology was studied. All may be associated, directly 
or indirectly, with a decrease in bone mass and bone 
density. In this context, it should also be stressed that 
metabolic conditions that cause intrinsic biochemical 
alterations, and thereby also damage the bones, have 
initiated the concept and the classification of metabolic 
bone diseases. Included under this heading are rickets 
(osteomalacia), renal osteodystrophy, hyperparathy- 
roidism and osteoporosis. Osteoporosis also remains 
a major public health problem through its association 
with fragility fractures in the older age groups, which 
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are steadily increasing in many countries. It is now 
abundantly clear that osteoporosis poses a major pub- 
lic health threat and arresting this disorder should be 
a primary goal of our preventive efforts in the coming 
decade. 

All physicians (including the family doctor) have a 
duty to provide the patients with the knowledge they 
need to make their own informed decisions. Patients, 
for their part, have the responsibility to learn as much 
as possible about the preservation of their own health 
and to cooperate with their doctors to find suitable 
individual strategies and approaches to build up the 
structure and protect the strength of their bones; this 
includes attention to nutrition, exercise and other life- 
style factors such as smoking and alcohol. Different 
approaches have been tried and, encouragingly, group- 
based, multidisciplinary education programmes have 
significantly increased the patients’ knowledge of os- 
teoporosis and its consequences. 

It is also encouraging to note that, according to one 
recent poll, public awareness of osteoporosis has in- 
creased from 15 to 85 % within the last few years, but 
the consequences, including the personal implications 
of this knowledge, are not yet fully realized. However, 


occasional reports do indicate that some progress is 
being made, such as for example the stabilizing inci- 
dence of ankle fractures and the declining incidence 
of knee fractures since 1970 up to 2008 in elderly 
people in Finland. 

Clinical osteology, (including osteoporosis, the 
most frequent and widespread disorder) has now be- 
come an important and independent specialty which 
encompasses all aspects of the skeleton and its dis- 
orders, including effects of nutrition, lifestyle and 
exercise. These aspects form an integral part of any 
program designed to prevent osteoporosis and of any 
protocols for its treatment. However, a greater de- 
gree of active participation in health education and 
its implementation is still required, as emphasized in 
many articles published only recently in 2008 from 
countries around the globe, including the US, Canada, 
the European Union, Mexico and Japan, among oth- 
ers (Fig. 1.6). Heightened awareness and closer coop- 
eration between family doctors and specialists should 
result in better functional outcome for the patients as 
well as in lower national costs. 

A change in approach will also facilitate the at- 
tainment of these goals, for example by direct-to- 
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Fig. 1.6. Percentages of osteoporosis patients receiving osteoporosis-specific drugs in Germany (modified from Haussler et al. 
[2006], Bone EVA study) 
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consumer availability of densitometry and drugs for 
the prevention of osteoporosis. This has already been 
initiated by the establishment of consultation “coun- 
ters” in pharmacies and drug stores in some cities in 
the US and Europe. This intervention by clinical phar- 
macists has already resulted in clinically significant 
rates of patient identification and treatment. Put sim- 


ply in other words: people can and should take mat- 
ters into their own hands! Each and every one of us 
is obligated to preserve his/her own skeletal structure 
and function throughout life! Consequently, as indi- 
viduals, we must be informed and, as parents, we must 
educate. We are all responsible for ourselves: 

“Bone Is Everybody’s Business”. 


Biology of Bone 




2.1 

Bone: An Architectural Masterpiece 

The structure, function, physiology, normal processes 
of preservation and maintenance of the skeleton, as 
well as the pathologic processes underlying osteodys- 
trophies are briefly outlined in this chapter. 

The skeleton consists of about 220 bones and con- 
stitutes approximately 15 % of the total body weight. 

Bone has five main tasks to fulfill: 

• Support and locomotion: of the body as a whole and 
of its individual components, e.g. from the smallest 
(the toes) to the largest (the legs and spine). 

• Protection: the skeleton protects internal organs 
from possibly harmful external effects. For exam- 
ple, the ribs shelter the heart and lungs, while the 
cranial bones protect the brain. 

• Storehouse for minerals: The skeleton is the largest 
depot for minerals in the body. In total, 99% of 
calcium, 85 % of phosphate and 50% of magnesium 
are stored in the bones. Approximately 1-1.5 kg 
calcium is built into the skeleton in the form of 
hydroxyapatite. 

• Storehouse for bone matrix proteins: The mineral- 
ized bone substance consists of about 50% organic 


material: 25 % matrix (ground substance) and 25 % 
water. The matrix contains 90% collagen type I 
and 10% other proteins such as glycoprotein, osteo- 
calcin, osteonectin, bone sialoprotein, osteopontin, 
fibronectin, as well as various proteoglycans. All 
these proteins are synthesized and secreted by os- 
teoblasts and have a variety of functions, such as 
seeding crystal formation, binding calcium crystals 
and serving as sites for the attachment of bone cells. 
Collagen also has direct effects on important bone 
cell functions, including apoptosis, cell proliferation 
and differentiation, which are under complex con- 
trol from the cell surface to the nucleus. Although 
collagen may have less effect on bone strength and 
stiffness than mineral does, it may still have a pro- 
found effect on bone fragility. Collagen changes 
that occur with age and reduce bone toughness or 
stiffness may be an important factor in the risk of 
fracture. Bone matrix also contains proteins such 
as bone morphogenic proteins (BMPs), thrombo- 
spondin-2 and metalloproteinases that stimulate 
or inhibit the actions of bone cells. Some studies 
have shown that bone also contains growth factors 
and cytokines, such as transforming growth factor 
beta 1 (TGF-pl). 

• The skeleton participates in the endocrine regula- 
tion of energy by means of mechanisms involving 
leptin and osteocalcin, by which glucose levels in 
the serum as well as adiposity are both effected. In 
this context it is clear that the processes involved in 
energy balance influence many organs and tissues, 
while imbalance induces adverse effects in the liver, 
pancreas and skeletal muscle, which in turn affect 
the bones. 


R.Bartl, B. Frisch, Osteoporosis, DOI 10.1007/978-3-540-79527-8_2, 
© Springer-Verlag Berlin Heidelberg 2009 
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Fig. 2.1. Architectural organization of 
femoral head, neck and shaft, combin- 
ing the two principles of construction for 
maximal weight-bearing: tubular structure 
illustrated by the television tower and 
trabecular structure by the crane 


Bone has two mechanical functions to fulfill: weight- 
bearing and flexibility (Fig. 2.1). Specific structural 
organizations , from the macroscopic through the mi- 
croscopic to the molecular, enable bone to perform 
these functions: 

• Configuration and size of bones 

• Proportion of compact (cortical) to cancellous (tra- 
becular) bone; adapted to weight-bearing (Fig. 2.2) 

• Trabecular bone structure with “nodes” to support 
weight (a “node” comprises the nodular junction of 
three or more trabeculae) (Fig. 2.3) 

• Lamellar organization of osseous tissue 

• Degree of mineralization of osseous tissue 

• Arrangement of collagen fibres and filaments, 
together with non- collagenous matrix proteins 
(NCPs) 

• Cable-like organization of collagen molecules and 
their “cross-linking” 


The elasticity of bone is achieved mainly by a special 
mixture of its component parts, known as “two -phase 



Fig. 2.2. Overview of a section of normal bone biopsy from a 
middle-aged man showing wide cortex and uniform, connected 
trabeculae. Gomori staining 


components” in the building industry. Bone consists 
of the matrix (the material laid down by the osteo- 
blasts) made up of layers of collagen molecules be- 
tween which crystalline calcium and phosphate are 
deposited (Fig. 2.4). This “passive gradual mineral- 
ization” increases density as the bone gets older. The 
new matrix begins to mineralize after about 5-10 days 
from the time of deposition ( primary mineralization) 
(Fig. 2.5). On completion of the bone remodelling cy- 
cle, a phase of secondary mineralization begins. This 
process consists of a gradual maturation of the mineral 
component, including an increase in the amount of 
crystals and/or an augmentation of crystal size toward 
its maximum dimension. This secondary mineraliza- 
tion progressively increases the mineral content in 



Fig. 2.3. “Node” at the intersection of four trabeculae showing an 
osteon with concentric lamellae. Gomori staining, polarization 
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Fig. 2.4. Alternating light and dark “undulating” lamellae due to 
arrangement of collagen fibres. Giemsa staining, polarization 


Fig. 2.5. Flat osteoblasts and layers of newly formed osteoid 
( various shades of red) on mineralized bone (blue). Ladewig 



bone matrix. At the end of the primary mineraliza- 
tion, mineral content represents only about 50% of 
the maximum degree of mineralization obtained at the 
end of the secondary mineralization phase. Various 
trace elements, water and mucopolysaccharides serve 
as binding material (glue) which binds the proteins and 
minerals firmly together. Collagen is responsible for 
the elasticity (flexibility) of bone while the minerals 
provide strength and rigidity. The bundles of collagen 
fibres are arranged parallel to the layers of matrix 
and are connected by cement lines. In adult bone, 
the degree of mineralization depends on the rate of 
remodelling. That means that the biologic determinant 
of mineralization is the rate of bone turnover. These 


correlations also demonstrate that “bone mass” and 
“bone mineral density” (BMD), although often used 
synonymously, are two different entities. Indeed, the 
term “bone mineral density” has been introduced in 
the interpretation of the positive effects of the bisphos- 
phonates on fracture risk. 

The external aspect of bone conceals its inner ar- 
chitecture (Fig. 2.6). The two main supporting struc- 
tures of bone are only recognized in X-ray films or 
bone biopsy sections: 

• Compact , cortical bone : This forms the outer layer 
of the long bones, is very densely packed and hard, 
and has a slow metabolic rate. Therefore, cortical 
bone is resorbed and replaced at a much slower rate 


Fig. 2.6. Structure of bone: 
Cortical bone together with 
its vascular system surrounds 
the trabecular network 
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than trabecular bone. The layer of cortical bone of 
the long tubular bones (femur, humerus) consists of 
osteons also called Haversian systems, which are 
longitudinally oriented cylinders about 5 mm long 
and made up of 5-20 “rings”. 

• Spongy, cancellous, trabecular bone, sometimes 
also known as ossicles’. The axial skeleton (cra- 
nium, vertebral column, thorax and pelvis) has a 
specialized construction. At first glance the trabecu- 
lae appear to be randomly distributed, but closer 
inspection reveals that they are oriented precisely 
along the lines of stress and weight-bearing (“tra- 
jection lines”), producing sponge- and lattice-like 
structures (Fig. 2.7). The more closely the trabecular 
“nodes” are spaced, the greater the stability and 
strength of the bone, while the trabecular plates 
dominate the elastic properties of the trabecular 
bone. 

Cortical bone has three surfaces and each has different 

anatomic features: 

• The endosteal envelope faces the marrow cavity 
and comprises a high surface area and therefore 
supports a high bone turnover. 

• The periosteal envelope, the outer surface of the 
bone to which the tendons, ligaments and muscles 
are attached, is capable of remodelling, as is the 
intracortical surface. 

• The intracortical envelope, with bone surfaces in- 
side the Haversian system, i.e. the osteons. 

The skeleton can be divided into two main compart- 
ments: 



Fig. 2.7. Surface of a trimmed plastic block showing a fairly 
uniform trabecular network 


• Axial skeleton : This refers to the spine and proximal 
femur. The bone in this area is primarily trabecular 
with a high turnover. 

• Appendicular skeleton: This refers to the long bones 
of the legs and arms. The bone in these areas is 
primarily cortical with a low turnover. 

Approximately 80 % of bone is cortical and only 20 % 

is trabecular and they undergo different rates of re- 
modelling’. 

• Cortical bone is dense, is 90 % calcified, has a low 
surface:volume ratio and therefore has a slow re- 
modelling rate. 

• In contrast, cancellous bone has a porous structure 
and a large surface area. Approximately 25% of 
cancellous bone is remodelled annually compared 
to only 2.5% of cortical bone. It therefore follows 
that any decrease in bone is first manifest in bones 
with a large proportion of trabeculae and therefore 
with a higher surface area. 

The proportion of trabecular bone varies in different 

skeletal regions: 

• Lumbar vertebrae 75 % 

• Heels 70% 

• Proximal femur 50-75 % 

• Distal radius 25 % 

• Middle of the radius <5 % 


2.2 

Bone: A Permanent Building 
and Rebuilding Site 

Bone is a dynamic organ, highly vascularized and 
very active metabolically (Fig. 2.8). As bones are not 
completely developed at birth, they continue to be 
formed slowly out of cartilage or connective tissue, 
which are converted into the hard, lamellar compo- 
nents of the skeleton. Growth of bones (“ modelling ”) 
comes to an end at puberty with ossification of the 
“growth plates”. Modelling is of particular interest 
as bone is much more capable of reacting to external 
loads during growth than at any other time. About 
90% of adult bone is formed by the end of ado- 
lescence and subsequent gains during adulthood are 
very small. 

During adulthood, i.e. throughout life, there is a 
continuous process of remodelling which maintains 
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Fig. 2.8. Interdependence of 
bone and marrow: together 
they form a single structural 
and functional entity 



Hormonal signals 
Cytokines 


Mechanical strains 


the skeleton and adapts the bones to the changing ex- 
ternal circumstances (Fig. 2.9). Nevertheless as the 
body ages, bone loses some of its strength and elas- 


ticity and therefore breaks more easily. This is due to 
loss of mineral and changes in the bone matrix. Bones 
undergo a constant process of removal and replace- 



Reversal 


Fig. 2.9. Different bone remodelling in cancellous and in 
cortical bone 
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Table 2.1. Quantitative parameter of bone remodelling in 
normal adults 

Trabecular bone surface covered with 
Osteoblasts 2-7% 

Osteoclasts 1% 

Lifespan 

BMU 6-9 Months 

Osteoclast 3 Weeks 

Osteoblasts 3 Months 

Number of active 1 Million 

BMUs at any time 

BMUs initiated per 3-4 Million/year 

year 

BMU size 1-2 mm long and 0. 2-0.4 mm wide 

Mean time for renewal 1 0 Years 
of the skeleton 

Renewal per day 0.027% (1 BMU/7 s) 

BMU, bone multicellular unit. 

ment so that the components of bone are exchanged at 
regular intervals. This process is called remodelling 
and serves the following purposes (Table 2.1): 

• Mobilization of calcium in the framework of cal- 
cium homeostasis 

• Replacement of old osseous tissue 

• Overall skeletal and individual local adaptation to 
different loads, weight-bearing and stress 



Fig. 2.10. Active osteoclasts in deep resorption bay. Giemsa 
staining 


• Repair of damaged bone, both microscopic and 
macroscopic 

The last refers not only to repair or healing of frac- 
tures of whole bones, but also to the countless perfo- 
rations, breaks or cracks of the trabeculae, the “mi- 
crofractures”, “microdamage” or “fatigue damage” 
which occur constantly and which together with the 
thickness of the bones determine the fracture risk. 
As these tiny breaks, cracks or fractures accumulate 
they weaken older bones and contribute to fracture 
risk if not quickly and adequately repaired. This, 
in addition to a slightly negative bone balance over 
time, eventually leads to reduction in structural con- 
tinuity of the trabecular network and thereby loss 
of strength. In cortical bone microcrack density is 
greater in older individuals and on average the mi- 
crocracks are shorter in areas of the cortex with more 
resorption spaces, indicating a relationship with the 
rate of bone remodelling. 

The bone cells constitute a specialized osseous cell 
system responsible for the repair, maintenance and ad- 
aptation of bone: 

• Osteoclasts (“bone resorbers”, “bone breakers”, 
“bone carvers”) can resorb old, weak bone in a short 
period of time (Fig. 2.10). These multinucleated giant 
cells are derived from monocytes of the bone mar- 
row, which is from a haematopoietic cell line. The 
cell membrane consists of numerous “folds” - the 
“ruffled border” which faces the surface of the bone 
(Fig. 2.11). The osteoclasts release quantities of pro- 
teolytic and other enzymes into the space between 
the ruffled membrane and the bone. These substances 



Fig. 2.11. Active osteoclast with ruffled border in lacuna with 
paratrabecular sinusoid. Giemsa staining 
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Fig. 2.12a,b. Osteoclasts perforate a trabecula (a) and transect it (b), thereby disconnecting it from the trabecular network which 
irreversibly and mechanically weakens that area of bone. Giemsa staining 


dissolve the minerals and some of the bone matrix, 
the rest is phagocytosed and metabolized in the cy- 
toplasm of the osteoclasts. If the trabecula is thin 
enough, active osteoclasts may perforate and transect 
it, thereby disconnecting it from the trabecular net- 
work which irreversibly weakens that area of bone 
(Fig. 2.12a,b). Recruitment, differentiation and acti- 
vation of osteoclasts are accomplished by numerous 
systemic hormones (such as parathyroid hormones, 
oestrogens, androgens, leptin and thyroid hormones) 
as well as cytokines. Various growth factors are 
also involved. Recent investigations of the RANK/ 
RANKL signalling pathway in the osteoclast have 
clarified mechanisms of stimulation and activation of 
resorption. Osteoclasts possess oestrogen receptors, 
by means of which oestrogen inhibits their recruit- 



Fig. 2.13. Active cuboidal osteoblasts on osteoid seam of vari- 
able width. Giemsa staining 


ment. Androgens also act on osteoclasts. The actions 
of sex steroids on bone cells are discussed below. 

• Osteoblasts (“bone builders”) are derived from the 
mesenchyme in the bone marrow. They produce 
new bone slowly, over several weeks to replace that 
resorbed by the osteoclasts (Fig. 2.13). Their main 
function is the synthesis of bone matrix, in particu- 
lar collagen type I, but also osteocalcin, osteonectin 
and BMPs. Osteoblasts also possess receptors for 
oestrogen. 

• Osteocytes (“bone maintainers”, “bone control- 
lers”): The osteocytes are the most numerous of 
all the bone cells (Fig. 2.14). They develop from 
osteoblasts. Approximately every tenth osteoblast 
situated on the surface of the bone is entrapped by 
the newly formed bone matrix and thus becomes 
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Fig. 2.14. Osteocytes cut at different angles in trabecular 
bone. Note a narrow trabecular canal containing a blood ves- 
sel. Giemsa staining 
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an osteocyte. It possesses receptors for various 
hormones including PTH and sex hormones. The 
osteocytes occupy spaces in the bone called “la- 
cunae” and are connected to each other and to the 
endosteal cells on the surface of the bone by thin 
channels called “canaliculi” within which long cy- 
toplasmic processes join osteocytes to each other 
and thus form a circulatory system. Osteocytes 
posses functional gap junctions enabling them to 
communicate with one another (like neurons) as 
well as with the surface lining cells - the endos- 
teal cells. Therefore, osteocytes are in a position to 
transmit the load-induced signals to pre-osteoblasts 
which then differentiate and secrete osteoid. The 
total surface of combined lacunae and canaliculi 
has been estimated at 1200 m 2 . The function of os- 
teocytes has not yet been fully elucidated, but they 
are known to play an important part in the transport 
of organic and inorganic materials within the bones. 
Furthermore, their strategic location enables them 
to function as mechanosensory cells and thus to 
detect the need for bone increase or decrease dur- 
ing functional adaptation of the skeleton, as well as 
the need for repair of microfractures. Osteocytes 
detect changes in flow of the fluid in the canaliculi 
and in the levels of circulating hormones such as 
oestrogen, glucocorticoids and raloxifene, which 
influence their activities and survival. Recent data 
suggest that mechanical loading decreases the os- 
teocytes’ potential to regulate local osteoclastogen- 
esis by direct cell-cell contact and/or via soluble 
signals. Quite possibly they also receive impulses 
from the muscles which they relay to the cells of the 
remodelling units at the surface of the bone. They 
also register the age of the bone and initiate its re- 
modelling. Osteocytes also produce various factors, 
notably sclerostin, a molecule that regulates osteo- 
blast activity, as well as DMP 1, and FGF 3, a factor 
also involved in the regulation of renal phosphate 
uptake. To summarize the function of the osteo- 
cytes: Osteocytes are actively involved in remod- 
elling and in its control mechanisms. Osteocytes 
actively participate in ion exchange. Osteocytes are 
mechanosensory cells with a major part in the func- 
tional adaptation of bone. The number (density) of 
osteocytes determines bone mass both for cortical 
and trabecular bone. Disruption of the osteocyte 
network and decrease in osteocyte number with age 


is inevitably accompanied by a decrease in bone 
mass, as well as by a decrease in bone quality by 
impairment of repair of microfractures. Although 
regulated by all the control mechanisms outlined 
above, in the final analysis it is the highly complex 
intercellular signalling between the osteoprogenitor 
cells and the mature osteoclasts, osteoblasts and 
osteocytes which balance their activities in growth 
and remodelling. 

• Endosteal lining cells (bone “housekeepers”): these 
are flat cells that cover 80-95% of the internal 
surface of the bones. They are presumed to develop 
from inactive osteoblasts. They form a protective 
layer and constitute a surveillance system for the 
bones (Fig. 2.15). They are connected to a thin col- 
lagenous membrane covering the mineralized bone 
surface, the osteocytic lacunae and their canaliculi 
(Fig. 2.16). Recently, it has been shown that the 
endosteal lining cells may participate in activation 
of osteoclasts. Certain surface molecules expressed 
on lining cells and on osteoclast progenitors react 
with the receptor RANK (also found on osteoclast 
progenitors) and thereby set in motion a cycle of 
remodelling. Other important factors which partici- 
pate in the remodelling cycle have also been anal- 
ysed and these are: ODF (osteoclast differentiation 
factor), OPGL (osteoprotegerin ligand), TRANCE 
and RANKL (RANK ligand). PTH, PGE 2 , IL1 and 
1,25 (OH) vitamin D exercise a negative influence 
on osteoprotegerin production and thereby stimulate 
resorption. Osteoblast precursors produce M-CSF 
which can activate osteoclasts. The endosteal lining 



Fig. 2.15. Flat endosteal lining cells and paratrabecular sinu- 
soid. Giemsa staining 
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Fig. 2.16. At higher magnification, collagen in transverse 
section (thin collagenous membrane) under the flat endosteal 
lining cells, and in longitudinal section (mineralized bone) in 
the lower part of the micrograph. Note processes of endosteal 
lining cells ( arrows ) extending between collagen fibres, pre- 
sumably to connect with processes of osteocytes within the 
canaliculi. EM x 11,300 

cells also participate in bone remodelling. They re- 
move fragments of bone collagen left by osteoclasts, 
thereby cleaning up resorption pits and initiating 
formation of new bone. 


2.3 

Remodelling Units 

There are 2-5 million bone remodelling units (BRUs) 
in the skeleton (Fig. 2.17). These units, required for 
the maintenance and integrity of the skeleton, are of 
crucial importance for the development of osteoporo- 
sis (Table 2.2). The total quantity of bone decreases 
if more bone is resorbed than is produced over the 
years. It has been estimated that osteoporosis devel- 
ops when for every 30 units of bone resorbed only 29 
are produced. This negative “bone balance” has three 
possible causes: 

• Increased osteoclastic activity without increased 
osteoblastic activity (“high turnover”) 

• Normal osteoclastic but decreased osteoblastic ac- 
tivity (“low turnover”) 

• Decreased osteoclastic and osteoblastic activity 
(“atrophic” or “adynamic” bone) 

Consequently, an overall decrease in bone correlates 
primarily with the number of BRUs and with the lack 
of coordination between the cells of the BRU. The 
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Fig. 2.17. Steps of bone 
remodelling in adult trabecu- 
lar bone 
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Table 2.2. Bone remodelling and its clinical correlations 


Phase of remodelling Quiescence 

Bone resorption by Reversal 
osteoclasts 

Bone formation by osteoblasts Quiescence 

Stimulating factors 

Parathormone 

Growth hormone 


Vitamin D 

Parathormone 


Thyroxine 

Oestrogen 
Testosterone 
Cytokines 
Prostaglandins 
Vitamin D 

Inhibiting factors 

Oestrogen 

Corticosteroids 


Calcitonin 

Smoking 


Testosterone 

Bisphosphonates 

Raloxifene 

Alcohol 

Bone markers 

Pyridinoline 

Bone-specific alkaline phosphatase 


NTX, CTX 

Osteocalcin 


level of excretion of calcium and collagen metabo- 
lites in the urine reflects the degree of resorption of 
bone. The process of bone remodelling is as yet in- 
completely understood. One remodelling cycle takes 
approximately 120 days, and it has been divided into 
six phases: 

• Phase of quiescence: a layer of flat lining cells over 
a thin collagenous membrane covers the surface of 
the bone. 

• Phase of activation: the quiescent bone surface 
is prepared for resorption. This involves retrac- 
tion of the endosteal lining cells and removal of 
the thin collagenous membrane covering the bone 
surface. There is evidence that matrix metallopro- 
teinases produced by osteoblasts are involved in 
this process. The site-specific activation may be 
achieved by mechanical stresses transmitted to the 
endosteal lining cells via the osteocytic-canalicu- 
lar network. 

• Phase of resorption: recruitment and fusion of os- 
teoclastic precursors, preparation of osteoclasts for 
resorption, development of the ruffled membrane; 
osteoclasts resorb the bone, which leads to forma- 
tion of lacunae or pits; osteoclasts migrate slowly 
or undergo apoptosis. 

• Phase of reversal: osteoblast progenitors are at- 
tracted to the resorption pit, while monocytes and 
endosteal lining cells prepare the surface of the 


resorption pit for new bone production by removal 
of the debris left by the osteoclasts. 

• Phase of early formation: production of osteoid by 
active osteoblasts. 

• Phase of late formation: mineralization of osteoid. 

• Phase of quiescence: the osteoblasts turn into the flat 
endosteal lining cells or into osteocytes if trapped 
in the newly formed bone. 

The phase of resorption is completed within 2 weeks, 
while that of mineralization may take months and de- 
pends on the presence of active metabolites of vitamin 
D. On completion of a remodelling cycle a “structural 
bone unit” is formed; about 35 million are present 
in the whole skeleton. In total, 8 % of the skeleton is 
replaced annually by the activity of the BRUs. 

The following four stages of osteoclast activity are 
involved: 

• Formation and differentiation of osteoclasts from 
their precursors (RANKL) 

• Migration and attachment of osteoclasts to the os- 
seous surface ((33 integrins) 

• Osteoclastic secretion of factors for acidification 
and solution of minerals (V-H + -ATPase, chloride 
channels) 

• Dissolution of matrix (cathepsin K). 

Currently, the majority of treatments for osteoporosis 
tested so far target inhibition of bone resorption. 



2.4 Some Biological Perspectives on the Mechanisms Involved in the Control 


17 


2.4 

Some Biological Perspectives on the 
Mechanisms Involved in the Control 
and Regulation of Bone Remodelling 

During the first few years of the 21st century, the 
complex mechanisms which characterize the control 
of bone remodelling were just beginning to be rec- 
ognized and starting to be investigated. Results of 
the overwhelming amount of research subsequently 
published have illuminated the extreme complexity 
of the cellular and molecular interactions, as well 
as the network of interwoven highways and byways 
representing the numerous pathways that transport 
factors to stimulate or inhibit specific cellular ac- 
tivities. A highly significant aspect of the results of 
these investigations is the unequivocal demonstration 
of the participation of many of these pathways, not 
only in the control of bone remodelling, but also in 
numerous processes - both physiological and patho- 
logical- involving other organs and tissues, and as 
such are examples of systems biology. 

One striking demonstration of this is osteoimmu- 
nology in which the participation of lymphocytes and 
various immunological cytokines (among other fac- 
tors) in the processes of bone remodelling has now 
been unequivocally established. Inflammatory reac- 
tions, acute and especially long-lasting chronic re- 
actions, are major causes of local and even systemic 
bone loss. One such cause, for example, is the tumour 
necrosis factor (TNF) in inflammatory arthritis. An- 
other example is the induction of bone destruction 
by the activation of T-cells by means of RANKL. In 
complete contrast, CD44 acts as an inhibitor of the 
deleterious consequences of TNF on bones and joints, 
similar to the effect of selectin-9 (a growth hormone) 
which stimulates the production of regulatory T-cells. 
Moreover, additional studies have pointed out that 
various signalling molecules, transcription factors 
and membrane receptors are also shared by the im- 
mune and skeletal systems. For example, NF-kB is a 
vital component in inflammatory responses and also 
in osteoclast differentiation and osteolysis. Unhealthy 
lifestyles, including poor nutrition as well as over- 
weight and morbid obesity, result in imbalances in 
the oxidation/redox systems, leading to inflammatory 
reactions and disorders of many organs including the 
bones and joints. 


On the other hand, the localization of the osteo- 
clastic resorption may affect haematopoiesis, such as 
the mobilization of haematopoietic progenitors when 
osteoclasts resorb an endosteal region of bone, with 
secretion and release of proteolytic enzymes, adjacent 
to stem cell niches. It has been speculated that this 
constitutes a link between bone remodelling and regu- 
lation of haematopoiesis. 

Towards to end of the 19th century (in the 1890s) 
researchers developed the hypothesis that mechanical 
loads affect the architecture of bone in living organ- 
isms. However, the processes by which this occurs 
were only investigated much later in the 20th century 
when the weight-bearing and the load-bearing bones 
(not always the same), as well as various systems in- 
cluding “feedback systems”, were identified and sub- 
sequently termed the “Mechanostat” and which was 
held responsible for the strength of the bones. 

The Mechanostat hypothesis was then also applied 
in order to provide functional definitions of bone 
competence and bone quality in normal physiological 
conditions, as well as in pathological states, such as 
osteopenias and osteoporoses. Evidence was provided 
that: 

• Muscle strength largely determines the strength of 
the load-bearing bones 

• This in turn has implications for numerous aspects 
of bone physiology such as in Modelling and re- 
modelling, and in interventions such as bone grafts, 
osteotomies, arthrodeses and possibly also in the 
actions of pharmaceutical agents. 

Additional discoveries during the first half of the 20th 
century led to the formulation of the Utah Paradigm 
of skeletal physiology , according to which the skel- 
etal effector cells (osteoblasts, osteoclasts, chondro- 
blasts etc.) themselves determine the structure and 
function of bones, together with the fascia, ligaments 
and tendons. However, with the passage of time and 
a great deal of additional work, the results of studies 
on tissue-level mechanisms were added to the Utah 
Paradigm, which by then also encompassed deter- 
minants of skeletal architecture and strength. More- 
over, with the accumulating information on skeletal 
physiology, the Utah Paradigm also came to include 
and integrate scientific evidence on anatomy and bio- 
chemistry - from histology to cellular and molecular 
biology - to pathologies of skeletal disorders and their 
clinical aspects. 
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Most significant for everyday medicine worldwide 
was, and still is, the bottom-line conclusion, which, 
simply expressed, states that strong muscles make and 
maintain strong bones throughout life! 

The highly significant implications of this for diag- 
nosis, the instigation of preventive measures and for 
therapeutic interventions are discussed later. Many 
studies have now been published on mechano-biolo- 
gy, i.e. the relationship between mechanical forces and 
biological processes, including the specific pathways 
involved in the transmission of signals elicited by me- 
chanical loading and stress, also known as mechano- 
transduction , which is regulated by two structural 
combinations: 

• Focal adhesions, linking cells to the extracellular 
matrix 

• Junctional adhesions, linking adjacent cells to each 
other by means of adherins; and these, through the 
cellular circuits, co-ordinate tissue responses to me- 
chanical loading; or, in simple terms, enable cells to 
translate the signals produced by mechanical load- 
ing into biochemical responses. 

But these biomechanical stimuli are only a few of the 
numerous signals essential for an integrated osseous 
physiology, which are transported by the intra-osse- 
ous circulation formed by the dendritic extensions and 
gap junctions of the osteocytes, and possibly also the 
hemichannels which contain connexin 43 (CX 43). 
Immuno -reactive sites for CX 43 have already been 
identified in mature osteoclasts, as well as in marrow 
stromal cells. 

It should also be remembered that the osteocytes, 
among their other responsibilities, function as sensors 
for mechanical stimuli and as regulators of mineral- 
ization in bone, which is part of their participation in 
overall mineral metabolism, particularly that of cal- 
cium. It is the gap junctions which enable adjacent 
cells to exchange second messengers, ions and cellular 
metabolites. The junctions also participate in develop- 
ment of bone cells, for example providing signalling 
pathways downstream of RANKL, for osteoclast dif- 
ferentiation. 

To summarize with but one more example: as a 
response to mechanical stress, prostaglandins are re- 
leased by osteocytes into the hemichannels. Among 
the actions of prostaglandin D2 is modulation of os- 
teoprotegerin, RANKL and various receptors which, 
directly or indirectly, stimulate an anabolic response. 


In addition, recent studies have shown that the pros- 
taglandin D2 receptors expressed by osteoblasts par- 
ticipate in the control of osteoclastogenesis and in 
the activity of mature osteoclasts. Prostaglandin D2 
itself has recently been shown to be chemotactic for 
mast cells, also by way of one of its receptors. The 
hemichannels (mentioned above) together with gap 
junctions constitute the intraosseous circulation for 
the transmission of signals required for maintenance 
and repair of the bones, and for implementation of the 
numerous skeletal functions including the effects of 
growth factors, hormones, cytokines and others, as 
demonstrated in the remodelling of bone by the BRUs. 
Clearly, these intercellular connections are crucial for 
the maintenance of the skeleton and therefore disrup- 
tion of the communication between the bone cells 
themselves, and between bone cells and other cells 
(e.g. endosteal cells, endothelial and periosteal cells 
all active in osseous remodelling) is associated with 
many structural and functional disorders, localized 
and systemic, of the bones of the skeleton. 


2.5 

Minimodelling 

“Minimodelling” is the term used to describe activ- 
ity of bone cells, primarily of the osteoblasts, which 
is completely independent of the BRUs. First put 
forward about a decade ago, it was suggested that 
minimodelling is a mechanism for trabecular bone 
renewal that goes on throughout life. Minimodelling 
is accomplished by formation of bone on quiescent 
surfaces; it is not preceded by bone resorption and it 
leaves smooth cement lines, i.e. it is simply resumption 
of osteoblastic activity by the bone lining cells which 
results in increases in lamellar cancellous bone mass 
and possibly in trabecular connectivity. 

An early study of bone biopsies from patients 
aged 38-81 years confirmed this hypothesis and the 
recommendation was made that the results of mini- 
modelling should be taken into account when dealing 
with estimation of osteoid volume and mineraliza- 
tion. Shortly thereafter, an investigation was carried 
out on bone specimens taken from bone biopsies and 
from autopsy material of patients with adynamic 
bone disease. The results showed that in the absence 
of parathyroid hormone, and especially in bone from 
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relatively younger patients (about 60-64 years), min- 
imodelling correlated significantly with total bone 
volume. Another recent study of patients with hyper- 
parathyroidism demonstrated minimodelling at the 
endocortical and intracortical surfaces, particularly in 
those specimens with narrow cortices and high poros- 
ity. Finally, results of the most recent study published 
to date demonstrated conclusively that bone formation 
by minimodelling accounts, in part, for the increase in 
bone volume which occurs after parathyroidectomy in 
patients with hyperparathyroidism. The mechanisms 
and stimuli involved in minimodelling have not yet 
been elucidated. 

Additional investigations in the future will un- 
doubtedly clarify the significance of minimodelling 
in the maintenance and repair of the bones. 


2.6 

Stimuli, Triggers and Mechanisms 
of Activation of Bone Remodelling 

The elucidation of the mechanisms of maintenance of 
the size, structure and quality of the bones throughout 
life by means of the BRUs stimulated extensive re- 
search into the question of what activated these units. 
Moreover, it has been known for about half a century 
that the bones contain cracks caused by the physi- 
ological loading activities of daily life, and numerous 
studies have now been published on how cracks are 
formed and grow and how they can be detected and 
repaired. A large part of this research was carried 
out on animals - from rats to horses, in vivo and in 
vitro. These studies clarified many aspects of osseous 
reactions, what provoked them and what conclusions 
could be drawn; examples of these are briefly sum- 
marized below, in more or less chronological order. In 
the early 1990s, it was shown that remodelling repairs 
fatigue damage and thereby prevents fractures and 
it was deduced that microdamage itself evokes local 
bone remodelling. 

At the start of the new century, investigations of 
bovine, equine and human long bones which had 
been loaded in vitro demonstrated that microcracks 
initiated at osteocytic lacunae, indicating that these 
functioned as stress concentrating organelles, there- 
by providing a potential mechanism for detection of 
strain and damage by osteocytes. Shortly thereafter, 


studies on the effects of mechanical loading in sheep 
encompassed the timing, location, density and length 
of microcracks, as well as the stimulation of reactive 
resorption cavities. The conclusion drawn from these 
studies was that microdamage itself is a stimulus for 
initiation of bone remodelling. Subsequently, investi- 
gations were made on large bones from race horses, 
and from human autopsy material as well as biopsies. 
One of the results observed in the race horses is of spe- 
cial interest: namely that in the more exercised race 
horses, additional bone was deposited in the spaces 
previously occupied by adipocytic bone marrow and 
this was not preceded by resorption and not limited by 
hyper-mineralized cement lines. The conclusion was 
drawn that bone subjected to mechanical overload ex- 
ercise, within normal limits, does not loose bone but 
makes more bone! Likewise, additional studies on the 
ulnae of rats during accumulation and coalescence of 
microcracks demonstrated that small increases in bone 
size and density substantially increased the resistance 
of the whole bone to microdamage. Nevertheless, the 
results of other studies led to the conclusion that the 
number of disrupted intracanalicular processes deter- 
mines the osteocytic response and influences targeted 
remodelling. Similar data were obtained from an in 
vivo study on rats, which focused on microcrack for- 
mation, propagation, accumulation and disruption of 
osteocytic canalicular processes during increased, as 
well as normal, loading. Here also it was concluded 
that the effect on osteocytes participates in initiation 
of bone remodelling. However, an extensive evalua- 
tion of highly trained race horses led to the opposite 
conclusion, namely that in established athleticism 
bone turnover is influenced by pathways not involv- 
ing microcracks and disrupted osteocytic processes. 
Moreover, the effects of a single period of cyclic fa- 
tigue on blood flow and interstitial fluid flow in the 
bone of the unilateral effected ulnae of rats, as well 
as changes in the contra-lateral unaffected ulnae of 
the same rats, suggested that functional adaptation to 
the cyclic fatigue included a more generalized neuro- 
vascular reaction. 

Other recent studies have compared the response 
to loading, particularly that of the trabecular bone, 
in younger and older animals. The results indicated 
that in older animals the ability to initiate and repair 
microdamage is definitely reduced with age. Finally, 
the effects of microdamage on bone in both control 
and ovariectomized sheep, as examples of normal and 
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osteoporotic bone, were investigated and the results 
demonstrated the differences between the two groups, 
as well as the unfavourable consequences for bone 
quality and bone fragility, of the osseous reactions in 
the ovariectomized group. 

Many of the numerous investigations in animals 
have now been confirmed by studies in humans, both 
healthy and diseased. A brief summary follows. The 
mechanisms and pathways of bone remodelling were 
studied during the last decades of the previous cen- 
tury, and extensively at the beginning of the 21st cen- 
tury. Several reports dealt with hypotheses and results 
achieved so far have shown: that osteocyte apoptosis 
is induced by bone fatigue and is located in regions 
of bone containing microcracks as well as resorption 
cavities, indicating that the targeted removal and re- 
pair of microdamage is preceded by disruption of the 
osteocytic processes which then emit the appropriate 
signals to trigger repair. In addition, it was shown that 
the direction of crack growth, i.e. lengthening, is due 
to the local orientation of the fibres in the bone and 
also that the cracks were arrested by the vascular ca- 
nals in the bone. 

Various hypotheses were suggested and confirmed 
concerning remodelling in both compact as well as in 
trabecular bone. For example, in cortical bone the la- 
mellar structure of osteons and the cement lines arrest 
the microcracks, changes are produced in the walls 
of the Haversian canals and repair is initiated, thus 
avoiding accumulation of microdamage and provid- 
ing protection from fatigue fractures. However, some 
subsequent studies could not confirm the hypothesis 
that cracks always initiate resorption spaces, i.e. re- 
modelling. Other investigations dealt with the density 
and length of microcracks and the number of resorp- 
tion spaces as indicators of activated remodelling. 
Also demonstrated was a substantial increase in mi- 
crocracks with age and this correlated with fracture 
incidence in the elderly. 

Detailed investigation (of sections of bone from 
the ribs of women aged 50-60 years) demonstrated 
that both density and length of cracks were five times 
higher in interstitial than in cortical bone, while os- 
teocytic lacunae were significantly fewer, indicating 
that accumulation of microdamage and osteocyte 
deficiency occurred in the same bone regions. Other 
investigations of age-related histologic changes, i.e. 
diffuse damage or linear microcracks, showed that 
the latter were longer in bones of older than younger 


individuals, but that the opposite was true for micro- 
damage, i.e. more in the younger bones. These results 
have recently been confirmed in the tibiae of humans 
(age 19-89 years) and the conclusion was drawn that 
age-related changes in bone microstructure play a key 
role in microcrack formation and repair. Recent re- 
ports have discussed the effects of microdamage as 
a stimulus for adaptation of bone as well as for bone 
biochemistry. It should be mentioned that targeted 
(activated) remodelling, as described above, also in- 
volves “steering”, i.e. attracting or steering pre-exist- 
ing BMUs towards areas of microdamage. 

Other recent investigations have come to the con- 
clusion that the BRUs are mechanically regulated: 
strain-induced osteocytic signals inhibit osteoblastic 
activity and stimulate osteoclastic activity. Conse- 
quently, cortical BRUs are attracted by apoptotic os- 
teocytes and create load aligned osteons, while can- 
cellous BRUs work on the trabecular surfaces, without 
piercing them, thus retaining the network. How these 
processes act on osteoporotic bone is dealt with later. 


2.7 

Control of Bone Remodelling: 

A Network of Complex Mechanisms 

The skeletonpossesses an efficient feedback- controlled 
system that continuously integrates both the signals 
and the responses which together maintain its func- 
tion of delivering calcium into the circulation while 
preserving its own strength. The question arises: How 
do mesenchymal and haematopoietic cells, as well as 
the osteoclasts, osteoblasts and osteocytes cooperate 
to achieve such a perfect balance between resorption 
and formation of bone? This complex system is just 
starting to be unravelled (Table 2.3). There appear to 
be five groups of mechanisms regulating bone mass: 
• Systemic hormones : The most important hormones 
are parathyroid hormone (PTH), calcitonin, thyroid 
hormone T 3, insulin, growth hormone (GH) and 
insulin-like growth factor-1 (IGF-1) which medi- 
ates many of the effects of GH on longitudinal 
growth and on bone mass: cortisone and sex hor- 
mones and, of these, oestrogens regulate mainly 
osteoclastic activity and thus bone resorption. PTH 
together with vitamin D is the principal regulator 
of calcium homeostasis (Fig. 2.18). PTH exerts its 
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Table 2.3. Hormonal and local regulators of bone remodelling 
Hormones 

Polypeptide hormones 

Parathyroid hormone (PTH) 

Calcitonin 

Insulin 

Growth hormone 
Steroid hormones 

1,25 -Dihydroxy vitamin D3 
Glucocorticoids 
Sex steroids 
Thyroid hormones 

Local factors 

Synthesized by bone cells 
IGF-I and IGF-II 
B eta-2 -microglobulin 
TGF-P 
BMPs 
FGFs 
PDGF 

Synthesized by bone -related tissue 
Cartilage-derived 
IGF-I 
FGFs 
TGF-p 

Blood cell derived 
G-CSF 
GM-CSF 
IL-1 
TNF 

Other factors 
Prostaglandins 
Binding proteins 


effects by way of actions on the bone cells as well 
as on other organs such as the kidney and gut. On 
bone, PTH exerts its influence mainly by participa- 


tion in the mechanisms controlling bone turnover. 
Androgens are also important in bone formation. 
Osteoblasts and osteocytes as well as mononuclear 
and endothelial cells in the bone marrow possess 
receptors for androgen; the pattern and expression 
of the receptors is similar in men and women. Fat 
cells, the adipocytes, also have receptors for sex hor- 
mones which they are able to metabolize by means 
of the enzymes called the aromatases. Sex steroids 
also influence lipid metabolism in pre-adipocytes. 
Significant levels of both oestrogens and androgens 
are present in the blood in men and women and both 
hormones play important, but not necessarily identi- 
cal, roles in bone metabolism. For example andro- 
gens may act on osteoblasts during mineralization 
while oestrogens more likely affect osteoblasts at 
an earlier stage during matrix formation. Moreover, 
the sex hormones may also act at different sites on 
the bones - for example androgens are important 
in the control of periosteal bone formation which 
contributes to the greater width of the cortex in men. 
There are receptors for oestrogen and testosterone 
on osteoblasts, osteoclasts and osteocytes, but one 
or other of the sex hormones may dominate at dif- 
ferent stages of the remodelling cycle. Androgens 
in particular exercise a strong influence on bone 
formation and resorption by way of local enzymes, 
cytokines, adhesion molecules and growth factors. 
Androgens increase BMD in women as well as in 
men, in normal as well as in some pathologic con- 
ditions. Moreover, when given together therapeuti- 
cally the two hormones increase BMD more than 
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oestrogen given alone. Other influences such as 
muscular mass, strength, activity and mechanical 
strain may stimulate osteoanabolic activity - that 
is bone formation while inhibiting bone resorp- 
tion. Put briefly, during growth the processes of 
modelling and remodelling optimize strength by 
deposition of bone where it is needed and decreasing 
bone mass where it is not. It is essential to stress 
that the highly complicated mechanisms controlling 
bone remodelling are only briefly outlined here and 
the elucidation of their pathways has already lead 
to disclosure of additional points of possible thera- 
peutic intervention, and undoubtedly will continue 
to do so in the future. 

• Local cytokines and signals : Also significant are lo- 
cal cytokines, electromagnetic potentials and, most 
importantly, signals transmitted over intercellular 
networks. Bone cells synthesize whole families of 
cytokines: for example IGF-I, IGF-II, Beta 2 -micro- 
globulin, interleukin (IL)-1, IL-6, TGF-p, BMPs, 
fibroblast growth factors (FGFs) and platelet derived 
growth factor (PDGF) (Fig. 2.19). Prostaglandins 
play a significant part in resorption of bone during 
immobilization. Osteoprotegerin (OPG), a member 
of the tumour necrosis factor receptor family pro- 
duced by osteoblasts, blocks differentiation of os- 


teoclasts from precursor cells and thereby prevents 
resorption. In fact, OPG could represent the long- 
sought-after molecular link between arterial calci- 
fication and bone resorption. This link underlies the 
clinical coincidence of vascular disease and osteo- 
porosis, an association most frequent in postmeno- 
pausal women and in elderly people. OPG could 
represent a novel pathway for possible therapeutic 
manipulation of bone remodelling. Specific aspects 
of remodelling involve specific factors, as for ex- 
ample the impact of vascular endothelial growth 
factor (VEGF) in angiogenesis and endochondral 
bone formation, in ossification of mandibular con- 
dyles and in the growth of the long bones. 

• Vitamins and minerals : The bone cells as well as 
the surrounding cell systems are also influenced 
by various vitamins, minerals and other factors. 
Vitamin D, K, C, B 6 and vitamin A are all required 
for the normal metabolism of collagen and for min- 
eralization of osteoid. 

• Mechanical loading : Exercise may improve bone 
mass and bone strength in children and adolescents. 
However, the osteogenic potential diminishes at the 
end of puberty and longitudinal growth of the bones. 
The adult skeleton is only moderately responsive to 
mechanical loading. A new way which might be use- 
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Fig. 2.19. Factors controlling bone resorption and formation. 
OCL, osteoclast; OBL, osteoblast. The osteoblast synthesizes 
cytokines and growth factors that activate osteoclasts. The 
two major ones essential for osteoclastogenesis are macro- 
phage colony- stimulating factor (M-CSF) and osteoprote- 


gerin ligand (OPGL), also called Rank-L. Rank-L activates 
its receptor Rank on the osteoclast. Osteoprotegerin (OPG) 
is a dummy receptor for Rank-L and can suppress osteoclas- 
togenesis if it binds enough OPG (modified from Rosen and 
Bilezikian [2001]) 


2.9 The RANK/RANKL/Osteoprotegerin System 


23 


ful to manipulate bone tissue is high-frequency, low- 
amplitude “vibration” exercise, combined with rest 
periods between loading events. Bone tissue cells 
must transduce an extracellular mechanical signal 
into an intracellular response. A mechanoreceptor 
is known to be a structure made up of extracellular 
and intracellular proteins linked to transmembrane 
channels. Touch sensation, proprioception and blood 
pressure regulation are mediated by ion channels. 
It has been proposed that osteocyte processes are 
tethered to the extracellular matrix and that these 
tethers amplify cell membrane strains. Presumably 
the extracellular fluid flow creates tension on the 
tethers which in turn stretches the cell membrane. 

• Transcriptional regulation and genes : There are a 
number of transcriptional factors that control os- 
teogenesis and differentiation of osteoblasts. These 
include runt-related transcription factor 2 (Runx2), 
Osterix (Osx) and sex determining region Y-box 9 
(Sox9), “master” regulators of osteogenesis. New 
genes responsible for hereditary skeletal disorders 
could also provide new therapeutic opportunities. 
For example the identification of LRP5 as a key mol- 
ecule in bone regulation was shown recently to pro- 
mote osteoblastic differentiation. Finally, it should 
be noted that research is still ongoing concerning the 
cells involved, their origin and differentiation and 
the control mechanisms of remodelling, particularly 
at different sites, for example endosteal and perios- 
teal, adjacent to haematopoietic (red) marrow, or to 
adipocytic (yellow) marrow, as well as the activities 
(if any) of the endothelial cells of the blood vessels 
connected to the active remodelling units. Results 
of these studies may reveal additional aspects of 
remodelling. 


2.8 

Osteoimmunology: A Representative 
of Systems Biology 

It is important to emphasize that elucidation of the 
mechanisms underlying metabolism of bone has re- 
vealed that these mechanisms include elements of the 
immune system. This in turn has led to the establish- 
ment of a new interdisciplinary field. Osteoimmunol- 
ogy , originally triggered by the observation that the 
increased bone resorption in inflammatory disorders 


such as rheumatoid arthritis, is caused by increased 
expression of RANKL (receptor activator of nuclear 
factor kappaB ligand), which induced accelerated os- 
teoclastic differentiation and activity. Moreover, such 
interplay/crosstalk also provides bridges for many 
factors - cytokines, signalling molecules, transduc- 
tion factors, receptors etc. - which implement bone 
remodelling, are involved in the homeostasis of bone 
and are essential participants in the regulation of other 
organs and systems such as cardiology, nephrology, 
hepatology, gastroenterology as well as in cardio- 
vascular, hormonal and endocrinological disorders. 
This multi-system participation provides a well-nigh 
irrefutable explanation for the fact that the skeleton is 
affected one way or another by disorders of practically 
all the other organs and systems in the body and why 
osteoporosis now constitutes a global epidemic. 


2.9 

The RANK/RANKL/Osteoprotegerin 
System 

The RANK/RANKL/Osteoprotegerin cytokine system 
plays a key role in the regulation of and “coupling” 
within the processes of remodelling. The discovery 
of this cytokine system was a milestone for under- 
standing osteoclastogenesis and the regulation of bone 
resorption as well as other processes involved in local 
bone remodelling. Osteoprotegerin is an important 
member of the TNF-receptor family which is produced 
by osteoblasts and which blocks the differentiation of 
osteoclasts from their precursor cells and thus inhibits 
bone resorption. RANKL (also known as osteopro- 
tegerin ligand, OPGL) and its receptors RANK and 
osteoprotegerin (OPG) are the key components of the 
regulation of BRUs. RANKL, a member of the TNF 
family, is the main stimulus for osteoclast maturation 
and is essential for osteoclast survival. The processes 
of local remodelling are illustrated in Fig. 2.20. 

An increase in the expression of RANKL leads 
directly to increased resorption and loss of bone. 
RANKL is produced by osteoblastic cells and by ac- 
tivated T-lymphocytes. Its specific receptor RANK is 
located on the surface membranes of osteoclasts, den- 
dritic cells, smooth muscle cells and endothelial cells. 
The production of RANKL by T-lymphocytes and 
the consequent activation of dendritic cells represent 
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Fig. 2.20. The OPG/RANK/ 
RANKL system and its con- 
trol of osteoclastic resorption 
of bone 
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a connection between the immunoregulatory system 
and osseous tissues. The close collaboration between 
bone and haematopoiesis is reflected by the fact that 
M-CSF is required for osteoclastic differentiation. 

The effect of RANKL is regulated by OPG, which 
is secreted in various organs including: bone, skin, 
liver, stomach, intestine, lungs, kidneys and placenta. 
It also acts as a soluble endogenous receptor antago- 
nist. Numerous cytokines, hormones and drugs may 
stimulate or inhibit the effects of RANKL or of OPG 
and thereby sway the results to the advantage or detri- 
ment of either of these two cytokines as follows: 

• TGF-p increases production of OPG 

• PTH increases RANKL/decreases OPG produc- 
tion 

• Vitamin D3 increases production of RANKL 

• Glucocorticoids increase RANKL/decrease OPG 
production 

• Oestrogen increases production of OPG 

Other stimulators of OPG production are vitamin K, 
leptin, genistein, raloxifene, statins, e.g. atorvastatin, 
bisphosphonates and mechanical forces. Moreover, 
new facets of these mechanisms are constantly be- 
ing elucidated by ongoing research, for example the 
suppression of osteoclastogenesis by alpha-lipoic acid. 
In addition, it has become clear that the relationship 
between RANKL and OPG contributes to the preser- 
vation of the balance between resorption and forma- 
tion in bone, i.e. “coupling” of these activities, and 
that the relative concentration of RANKL and OPG 
in bone is one of the main determinants of bone mass 
and strength. 


Animal experiments have also demonstrated the 
important part played by OPG in the regulation of 
bone resorption. Genetically manipulated mice, which 
over-express OPG, develop osteopetrosis; while OPG 
knock-out mice develop severe osteoporosis. These 
experiments indicate that OPG functions as a “brake” 
for the effects triggered by RANKL. Quite possibly, 
in the not-so-distant future, OPG may well be intro- 
duced as a therapeutic agent in numerous disorders 
characterized by increased resorption, such as: 

• Postmenopausal osteoporosis and osteoporosis of 
the elderly 

• Disorders with locally increased resorption 

• Paget’s disease of bone 

• Periodontitis 

• Rheumatoid arthritis 

• Bone marrow oedema syndrome 

• Osteoporosis in various immunologic disorders 

• Haematological disorders, e.g. multiple myeloma 

• Carcinomatosis of bone 

• Hypercalcaemic syndrome 

During the last few years the significance of the OPG/ 
RANKL/RANK system has been elucidated, not only 
in primary disorders of bone but also in secondary 
skeletal-related and vascular conditions which include 
common diseases such as diabetes, atherosclerosis, 
rheumatoid arthritis and metastases (Table 2.4). This 
confirms that the RANKL/OPG system is a cytokine 
system with widespread, far-reaching systemic effects. 
In a recent study, a substantially increased risk of hip 
fracture in women was demonstrated after the onset of 
a cardiovascular disease (CYD), a finding compatible 


2.10 Leptin: Role of the Central Nervous System in Regulation of Bone 


25 


Table 2.4. OPG/RANKL/RANK system in the pathogenesis of 
bone, immune and vascular diseases 

Metabolic bone diseases 

Postmenopausal osteoporosis 
Glucocorticoid-induced osteoporosis 
Hyperparathyroidism 
Sporadic Paget disease of bone 

Immune-mediated bone diseases 

Rheumatic arthritis 
Periodontal infection 

Malignant diseases 

Multiple myeloma 
Bone metastases 
Hypercalcaemia of malignancy 

Inherited skeletal diseases 

Familiar expansile osteolysis 
Familial Paget disease of bone 
Idiopathic hyperphosphatasia 

Cardiovascular diseases 

Atherosclerosis 
Peripheral vascular disease 
Coronary artery disease 


with the concept of common pathologic pathways for 
osteoporotic fractures and CVD. The MINOS study, 
a long-term prospective trial, showed that aortic cal- 
cification is a considerable and independent risk factor 
for incident fractures in older men. Significantly, in all 
the conditions mentioned above, there are windows 
of opportunity for the inclusion of bisphosphonates 
in therapeutic interventions - some are already being 
explored and applied. 

2.10 

Leptin: Role of the Central Nervous 
System in Regulation of Bone 

The observation that overweight individuals are less 
susceptible to osteoporosis implies a possible con- 
nection between obesity and the skeleton. It was first 
suggested that the effects of increased weight-bearing 
might protect bone mass (Fig. 2.21). However, experi- 
mental studies have implicated leptin: a hormone pro- 
duced by fat cells and which interacts with neurons in 
the brain and thereby influences weight. It was then 
discovered that in mice leptin is also anti-osteogenic 
and it was speculated that increased bone mass in 
obese people may result from resistance to leptin s 
anti- osteogenic activity. The amount of leptin released 


into the bloodstream is proportional to the amount of 
body fat. Leptin regulates the body's energy balance 
as well as the bone mass by binding to certain receptor 
proteins of specific neurons in the hypothalamus, and 
these in turn activate sympathetic nerves. The nerves 
extend into the bones, where they stimulate release 
of the neurotransmitter noradrenaline, which then 
activates beta2-adrenergic receptors on osteoblasts, 
inhibiting osteoblastic activity. Leptin thus prevents 
bone formation through its action on already differ- 
entiated osteoblasts; it has no overt effect on osteo- 
clast differentiation or function. These results seem 
to suggest that the millions of patients who have been 
treated with “beta blockers” such as propranolol for 
hypertension should have increased bone mass - an 
argument for re-assessing these clinical studies with 
respect to changes in bone density. Extreme changes 
in body weight and bone mass are also partly mediated 
by leptin, as well as the sex hormones. The identifica- 
tion of leptin as a powerful inhibitor of bone forma- 
tion definitely has potential therapeutic implications 
in the future. 

To summarize briefly: leptin has a circadian pat- 
tern of secretion with peak levels at midnight; it re- 
flects total body adipose tissue mass. Many effects of 
leptin on energy metabolism are mediated by interac- 
tion with insulin. Leptin impacts skeletal metabolism 
and is also involved in pathological conditions such 
as obesity, atherosclerosis, oxidative stress and malig- 
nancies. Other neuropeptides such as neuromedin U 
are also involved in the control of bone remodelling, as 
are the endocannabinoids, synthesized by both osteo- 
clasts and osteoblasts. Receptors for these substances 
are present in the sympathetic nerve terminals located 
near the bone cells and constitute a signalling pathway 
between brain and bone. The endocannabinoid recep- 
tors are also involved in the regulation of bone mass 
and osteoclast function such as, for example, enhance- 
ment of bone loss in ovariectomized animals. The en- 
docannabinoids are involved in food intake and en- 
ergy metabolism. These systems influence pathways 
from insulin signalling in the pancreas to oxidative 
processes in skeletal muscles. In summary, it should 
be stressed that the skeleton is equipped with numer- 
ous nerve fibres which participate in the regulation of 
skeletal metabolism by the CNS. More than 10 neuro- 
peptides have already been identified in bone, includ- 
ing substance P (SP). Receptors for SP are located on 
osteoclasts and SP stimulates resorption. 
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Fig. 2.21. Central nervous 
participation via leptin in 
bone turnover (modified from 
Harada and Rodan [2003]) 


Additional factors in bone metabolism are still be- 
ing identified in current research projects, for exam- 
ple, prostaglandin E2, a notable lipid mediator of bone 
remodelling. It has also been shown that patients with 
hypercholesterolemia/dyslipidemia have increased 
bone remodelling associated with osteoporosis, as 
well as with atherosclerosis. Animal studies have re- 
cently demonstrated that haematopoietic stem cells in 
the niches adjoining the endosteum also participate in 
the production of BMP-2 and BMP- 6 and participate 
in bone remodelling. 

2.11 

Growth of the Embryo in the Uterus 

Genetic and environmental factors are involved in 
the normal growth and development of the embryo 
in the uterus, as well as in growth retardation. In ad- 


dition, recent studies that followed the trajectories of 
growth from birth to adulthood have demonstrated 
that size at birth and postnatal growth both effect 
the risk of, and are associated with, the development 
of a number of chronic diseases in adulthood. These 
include hypertension, coronary heart disease, stroke, 
diabetes and disturbances of renal function. Moreover, 
adverse maternal and other environmental factors are 
also involved. The most recent studies have shown 
that circumstances during the foetal period and early 
childhood may have life-long programming effects 
on different physical functions. This realization gave 
rise to the new concept of the developmental origins 
of health and disease (DOHaD). One characteristic 
example is the programming of the hypothalamic- 
pituitary-adrenal axis. Interestingly, not only physi- 
cal, but also psychological aspects play a part, as 
shown by a Swedish study of 318,953 men, followed- 
up from date of birth (1973-1980) to date of attempted 
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suicide, date of death, emigration or end of the study 
in 1999. The results showed that both short length at 
birth and short adult stature seemed to increase the 
risk of violent suicide attempts. 

Intra-uterine growth restriction has now been 
positively associated with low bone mass in infancy 
and with increased risk of developing osteoporosis in 
adulthood. Importantly, in the context of this book, 
it is now believed that osteoporosis is, at least partly, 
programmed in utero and that nutritional and other 
environmental factors in the pre- and postnatal period 
exercise a profound influence on skeletal develop- 
ment, which, in turn, has considerable consequences 
in adulthood. In addition, there is no racial discrimina- 
tion, since this applies equally to Blacks and Whites, 
as demonstrated in an investigation of bone size and 
bone mass in both black and white South African 
children. Moreover, not only organs such as the skel- 
eton, but also cell systems may be modulated by the 
intrauterine metabolic environment as shown by in- 
tra-uterine epigenetic modification of beta pancreatic 
cells towards a pre- diabetic phenotype, but this could 
be corrected by early intervention, i.e. supplementa- 
tion of the maternal diet. However, many other stud- 
ies have now demonstrated that the adverse pre- and 
postnatal effects listed above can and should be modi- 
fied by application of appropriate measures (nutrition, 
supplements, possibly medications, exercise and life- 
style) during childhood, adolescence and adulthood 
into old age. 

2.12 

Peak Bone Mass: An Investment 
for a Healthier Life 

The skeleton acquires the maximal bone density - 
“peak bone mass” - at 25-30 years of age (Fig. 2.22). 
Consequently, the periods of growth before that age 
provide the maximal opportunities for building the 
peak bone mass, 60-80 % of which is determined by 
genetic factors, the remaining 20-40% by other de- 
terminants such as nutrition and exercise. Thereafter, 
beginning at about 30 years, a negative bone balance 
sets in, so that on average 1 % of bone is lost every 
year, independent of sex. Measurements of trabecular 
bone density between the ages of 20 and 80 years have 
shown reductions of approximately 50% in density 
(Fig. 2.23). This bone loss is apparently genetically 


% Bone mass 



Fig. 2.22. Age-related changes in bone mass 

programmed. Marked racial differences in peak bone 
mass occur, with higher values in American Blacks 
than in Caucasians, and the lowest values in Asians 
and Japanese. Some of the multiple pathogenic mecha- 
nisms and factors that contribute to subsequent loss 
of bone (“osteoporosis”), after the attainment of peak 
bone mass, include the following: 

• Genetic factors 

• Foetal and neonatal factors 

• Factors during growth 

• Inadequate peak bone density 

• Nutritional and lifestyle factors 

• Menopause and reduction of oestrogen in women 

• Age and deficiency of testosterone in men 

• Reduction of about 80 % in adrenal steroids during 
ageing 
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Fig. 2 .23. Correlation between predominant trabecular bone 
loss and incidence of types of fractures 
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• Co-morbidities 

• Other effects of ageing on the body and on the ac- 
tivities of daily life 

Race and diet interactions are also involved in the at- 
tainment, maintenance and loss of bone. Some of the 
genes that may influence bone mass and rates of bone 
loss include the genes responsible for: 

• Vitamin D receptor 

• Oestrogen receptor 

• Parathyroid hormone receptor 

• IL-1 receptor antagonist 

• TGF-p 

• Spl site in al chain of type I collagen 

The bones are like a bank savings account for cal- 
cium. If the calcium supply is adequate, savings 
deposits are made and the calcium bone bank ac- 
count builds up. If the dietary calcium intake is too 


low, then withdrawals of calcium are made from the 
“bone bank” itself, i.e. the skeleton. The peak bone 
mass attained in early life is a major determinant 
of subsequent bone mass and of fracture risk in 
later life. Peak bone mass is greater in men than in 
women, although these differences are reduced or 
even reversed if bone mass is expressed as volumetric 
bone density. 

Calcium tends to be stored in the osseous tissue 
during the day and slowly released during the night. 
A bone biopsy study has shown that the loss of bone 
occurs fairly equally in all regions of the skeleton, 
perhaps slightly more in the vertebral bodies and the 
proximal femur. In postmenopausal women, the de- 
cline in oestrogen is accompanied by an increase in 
the loss of bone of up to 4 % annually. This implies 
that women may lose 40% of their bone mass from 
40 to 70 years. During the same period men lose only 
about 12%. 


Pathogenesis of Osteoporosis 




3.1 

Factors in the Development 
of Osteoporosis 


In women an age-related slow decrease is acceler- 
ated to an acute loss of bone in the menopausal and 
postmenopausal periods, and then followed by a grad- 
ual and progressive decline in bone mineral density 
(BMD) with age. In men, bone loss begins somewhat 
later, but it is due, as in women, to increased osteo- 
clastic resorption, which is a direct consequence of 
decreases in steroid hormones , i.e. hypogonadism. 
The decrease in steroid hormones also directly im- 
pacts cells which have the oestrogen receptors alpha or 
beta such as the bone marrow mesenchymal progenitor 
cells responsible for the production of osteoblasts and 
adipocytes. Oestrogen promotes osteoblastogenic dif- 
ferentiation and inhibits adipogenesis. Therefore, with 
advancing age, bone formation is decreased as a direct 
consequence of a shift in the balance of production of 
the two cell lineages, in favour of adipocytes. 

Many investigations have addressed the question 
of additional factors and pathways which regulate and 
control the differentiation of the mesenchymal progen- 
itor cells in one direction or the other. The results of 


these investigations have implicated genomic, hor- 
monal, for example intermittent parathyroid hormone 
(PTH), and various other pathways, including Wnt 
signalling as well as other ligands and receptors which 
influence mesenchymal stem cell differentiation and 
could tip the balance in favour of osteoblasts or adi- 
pocytes. For example, Wnt signalling favours osteo- 
blastogenesis. It should be emphasized that the Wnt 
signalling pathway is involved in many biological pro- 
cesses from embryonic development to insulin secre- 
tion in adulthood. Some investigations have correlated 
the antagonism of oxidative stress to Wnt signalling 
in advancing age as a decisive contributing factor to 
the development of atherosclerosis, insulin resistance, 
hyperlipidaemia and involutional osteoporosis. 

Earlier investigations implicated inhibition of gap- 
junctional communications between osteoblastic pro- 
genitors as responsible for the mesenchymal switch to 
adipogenesis. More recent studies have demonstrated 
that a ligand-activated transcription factor, known as 
PPAR gamma 2 in the mesenchymal stem cells par- 
ticipates in the control of adipogenic differentiation. 
Moreover, studies in animals have demonstrated that 
vitamin D3 inhibits adipogenesis and induces osteo- 
blastogenesis, with a reduction in PPAR gamma 2. 
However, the net result of the activities of all the fac- 
tors involved, after the decline in oestrogen levels, is 
production of adipocytes, not osteoblasts. 

It is of interest that in animals, during periods of 
simulated microgravity, a mesenchymal switch from 
osteoblasts to adipocytes also occurs, due to changes 
in many factors and pathways. Returning to humans, 
it is postulated that similar changes may take place as 
a consequence of immobilization, disuse and in age- 
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related osteoporosis. Many investigations into all the 
mechanisms of osteopenia/osteoporosis are ongoing, 
as well as into the possibilities for potential interven- 
tions in the future. 


3.2 

Definition of Osteoporosis 

The word osteoporosis literally means porous bone, 
indicating that the bone density is low and the bones 
are thin. But bone does not fracture due to thinness 
alone. In the early 1990s a consensus meeting of the 
World Health Organisation (WHO) defined osteopo- 
rosis as: 

“A systemic skeletal disorder characterized by 
a low bone mass and by microarchitectural de- 
terioration of bone tissue, with a subsequent 
increase in bone fragility and susceptibility to 
fracture”. 

The first Consensus Conference on Osteoporosis of 
the new millennium proposed a new definition of os- 
teoporosis as: 

“A skeletal disorder characterized by compro- 
mised bone strength predisposing to an increased 
risk of fracture”. 

However, in order better to understand the aetiology 
of osteoporotic fractures and the effects of therapy 


on the risk of occurrence of fractures, it is essential 
to recognize the factors that govern bone strength. 
The strength of an individual bone (and of the whole 
skeleton) depends on its mass, shape and the quality 
of the bone itself (Fig. 3.1). 

Numerous large studies have already confirmed 
the connection between bone density, bone strength 
and fracture risk. Density is responsible for 60-90% 
of the strength of bone. From the outside, however, 
osteoporotic bones may even have the same size and 
look like normal bones, but inside they are brittle, with 
a thin cortex and a disrupted (or even localized lack 
of) trabecular network. 

Low bone mass has proved to be the most impor- 
tant objective predictor of fracture risk. The lower the 
bone mass, the weaker the bone and the less force re- 
quired to cause a fracture. Therefore, according to the 
WHO (The WHO Study Group 1994) osteoporosis in 
postmenopausal women was also defined in terms of 
bone density measurement and based on a compari- 
son of the patients' measurement to the standard peak 
adult bone mass (PABM) as follows: 

“Osteoporosis is present when the bone mass is 
more than 2.5 standard deviations (SD) below 
that of healthy premenopausal adult females, the 
T-score”. 

However, taking into consideration the multifactorial 
nature of bone fragility, an up-dated position paper 
was issued by the WHO and the International Osteo- 
porosis Foundation (2007). 

This proposed that “osteoporosis” is no longer 
diagnosed as such, but by a total individual 10-year 





Normal Osteopenia Osteoporosis 

Fig. 3.1. Progressive architectural deterioration of cancellous bone: increased osteoclastic resorption cavities and marked attenu- 
ation of cancellous bone (osteopenia); disconnected trabeculae, no longer a network (established osteoporosis) 
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fracture risk on the basis of independent and self-suf- 
ficient risk factors. Directions for diagnosis, differen- 
tial diagnosis, methods of investigation and the sites 
for BMD measurements, fracture risk and preven- 
tion of falls, as well as possibilities of pharmacologi- 
cal therapy are outlined in the WHO position paper 
quoted above. Nevertheless, the T-score as obtained 
by measurements at the femoral neck is utilized in- 
ternationally as an accepted criterion for osteoporosis. 
The hip and/or the lumbar spine are measured by the 
dual energy X-ray absorptiometry (DXA) method to 
obtain the T-score. The cutoff point of 2.5 SD below 
the PABM value is based on epidemiological data de- 
rived from a population of postmenopausal Caucasian 
women, 50% of whom had already suffered a fragil- 
ity fracture. The WHO cutoff point of T -2.5 or lower 
used for the diagnosis of osteoporosis was based on 
a close association between prevalence at this cutoff 
point and lifetime fracture risk of hip fractures or all 
fractures (hip, vertebrae, forearm, humerus, and pel- 
vis). These WHO criteria were not meant to be applied 
to healthy, oestrogen-replete premenopausal women, 
to women of other races, to young men or to chil- 
dren. Nevertheless, low bone mass in any individual 
is still the most important factor in the determination 
of fragility fractures. In the new European guidelines, 
from 2008 onwards, only measurements of DXA at 
the femoral neck are accepted as diagnostic criteria 
for osteoporosis. 


Osteopenia has now been defined by a T-score 
between -1.0 and -2.5. 


As the emphasis on skeletal health shifts from treat- 
ment to prevention, the diagnostic term of osteope- 
nia may take on increasing importance, especially 
in combination with the evaluation of the major risk 
factors. Hence, postmenopausal women with osteo- 
penia should be targeted for prevention strategies to 
preserve their skeletal mass. Patients with osteopenia 
and relevant risk factors should be treated early with 
effective drugs to prevent fragility fractures! Obvi- 
ously, this implies widespread screening to identify 
these groups in the population as a whole! 

3.3 

Osteoporosis - Which Bones 
are Vulnerable? 

Where and how does bone resorption occur? The 
bone cells carry out their remodelling preferably on 
the inner surface of bone, the endosteum (Fig. 3.2). 
Bones with a large component of cancellous bone 
present the largest surface area to bone cells for re- 
modelling: these bones include the vertebral bodies, 
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Fig. 3.2. Osteoporotic tubular 
bone: shrinkage of cortical width; 
rarefaction and discontinuity of 
trabecular network 
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Fig. 3.3. Normal (a) and osteoporotic (b) trabecular network. 
Note “button” phenomenon with disruption of the trabecular 
network in (b). Gomori staining 


the femoral neck, the ribs, the wrist and the heel. 
Due to their immense surface these cancellous bones 
are resorbed five times as fast as the cortical bone of 
the long bones (Fig. 3.3a,b). Considered sequentially 
the ossicles in the middle of the bone disappear first, 
especially those at the horizontal “stress” lines. The 
vertical “pillars” which carry greater loads remain 
intact for longer periods and are seen as vertical 
stripes on X-ray (Fig. 3.4). In vitro and in vivo studies 
have shown that bone density is indeed responsible 
for 50-80% of the strength of bone and therefore 
constitutes a very important risk factor, particularly 
in postmenopausal women. As numerous prospec- 
tive studies have demonstrated, the risk of a fracture 
increases exponentially with the decrease in density: 
a reduction of 10-15% in bone density doubles the 
fracture risk. 



Fig. 3.4. Osteoporosis of the vertebrae: note relative preserva- 
tion of the stress-bearing vertical trabeculae 


3.4 

Osteoporosis - Also a Question 
of Quality! 

Bone does not break only because it is thin - as indi- 
cated by the fact that half of all people with decreased 
bone density never sustain a fracture. The recogni- 
tion that osteoporosis is far more complex than previ- 
ously thought suggests that factors in addition to bone 
mineral density may contribute to bone fragility and 
therapeutic effectiveness. Recent studies have shown 
that osteoporosis is also a question of the quality of 
bone which, in many disorders, is adversely affected 
even more than the BMD (Fig. 3.5). This applies espe- 
cially to conditions such as type-2 diabetes, in which 
bone remodelling is influenced by various metabolic 
mechanisms including insulin and angiopathies. 

Perforations, “microfractures” of trabeculae, occur 
constantly throughout life and normal activity, and 
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these lead to a decrease in bone strength and weight- 
bearing ability- and of course require immediate 
repair. Moreover, previous thinning of the trabeculae 
because of decreased osteoblastic activity accelerates 
the destruction of the microarchitecture. Disconnect- 
ed trabeculae are functionally useless and are rapidly 
resorbed. Should a situation arise in which numerous 
microfractures are not completely repaired, a critical 
point will eventually be reached at which the bone will 
break. Should the bone structure be qualitatively in- 
ferior to begin with, bones of even normal thickness 
may break. This is an important point to take into ac- 
count and has already been demonstrated in osteopo- 
rosis in hypogonadal men. Studies on mineral density 
by magnetic resonance microradiography have shown 
a marked deterioration in microarchitecture in the 
spine and hips of these patients - more than would 
be expected from the results of densitometry. More- 
over, at the nano-scale level, it has been demonstrated 
that interactions between collagen fibres and mineral 
crystals can effect bone quality. 

Combinations of up-to-date methods, as well as 
novel techniques, have now been applied to evaluate 
various aspects of bone quality, such as strength and 
density, biomechanical aspects, composition such as 
mobile and bound water and their relation to mech- 
ano-properties of bone, in particular the matrix con- 
tent and its properties at the nano-level by micro-CT 
and biomechanical compression. It is worth noting 
that these methods can be - and some already have 
been - applied to assess effects of therapy in osteopo- 
rosis. Moreover, the WHO and the International Os- 
teoporosis Foundation (2007) issued a position paper 
outlining the current understanding of osteoporosis, 
including the multifactorial nature of bone fragility 
and a number of risk factors. 


An important (even crucial) aim of osteoanabol- 
ic therapy is to re-establish the microarchitecture. 
This goal could probably be achieved in the not- 
too-distant future by a combination of drugs: ad- 
ministration of basic fibroblast growth factor, which 
induces formation of new trabeculae and promotes 
restoration of connectivity, both of which could be 
maintained by antiresorptive agents and/or PTH. 
These results have been achieved in osteoporotic 
animal models. Many reports on trials in humans 
have now been published and the results have con- 
firmed the efficacy of PTH therapy in both men and 
women, in moderate as well as severe osteoporosis, 
in responders as well as non-responders to antire- 
sorptive therapy. Moreover, PTH has been shown to 
be effective in combination with, and either before 
or after antiresorptive agents. Teriparatide has now 
been given safely for over 5 years to both women 
and men with osteoporosis, in the US and in many 
European countries. Other forms of PTH such as 
1-84 parathyroid hormone have been registered and 
are being tested. 

Generally speaking, osteoporotic fractures are 
caused by eight different abnormalities of bone: 

• Reduced thickness (density) 

• Unequal proportions of compact and cancellous 
bone 

• Decrease in number of “nodes” in the cancellous 
bone 

• Transection of trabeculae caused by osteoclasts 

• Inadequate bone formation 

• Inadequate mineralization of bone matrix (oste- 
oid) 

• Anomalies of structure and binding of collagen mol- 
ecules (“cross-linking”) 

• Faulty repair mechanisms 
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How can fragility be reduced? There are two ways to 
make bones stronger: 

• Increase bone mineral density and distribute bone 
mass more effectively, i.e. increase bone tissue 
where the mechanical demands are greatest (“ex- 
trinsic biomechanical properties”) 

• Improve the material properties of bone tissue, from 
the microscopic to the molecular level (“intrinsic 
biochemical properties”) 

An effective treatment for bone fragility should im- 
prove the extrinsic biomechanical properties of bone, 
but at the same time should not substantially impair the 
intrinsic properties. Strong inhibitors of bone resorp- 
tion such as bisphosphonates can reduce bone turnover 
by 80-90% causing a gain in bone mineral density. Due 
to reduced bone remodelling, the mean tissue age of 
bone is increased as is bone mineralization. Properly 
mineralized bone has the best combination of stiff- 
ness and brittleness, while poorly mineralized bone 
tends to be very weak with increased displacement, 
and hypermineralized bone is too brittle with decreased 
displacement. Consequently, in treating osteoporosis 
attention must be paid to bone density, improvement 
of the microarchitecture, mineralization and the re- 
pair mechanisms. With the modern bisphosphonates 
of today it is no longer a problem to fill up resorption 
lacunae, increase mineralization and thicken attenuated 
trabeculae. At present there is no evidence that mi- 
crodamage accumulation occurs under treatment with 
bisphosphonates. But it is not yet possible - as far as we 
know from experimental studies - to completely restore 
the trabecular network (restitutio ad integrum) or the 
shape of bone that has been destroyed. The basic ana- 
tomic and structural properties of bone influence the 
load-carrying capacity and the changes in osteoporosis 
determine the fracture risk. New methods are needed 
to provide insight into the exact causes of bone fragility 
and the more detailed effects of drug therapies. 


3.5 

Definition of "Fracture" 

A fracture has been defined as an “acute discontinu- 
ity” in a bone. When there does not appear to be ad- 
equate trauma, the terms “pathologic fracture”, “fra- 
gility fracture ” or “low trauma fracture ” are used, and 
these of course need clarification. “Fatigue fractures” 
develop slowly due to the accumulation of numer- 




Fig. 3.6. Osteoclastic perforation of a horizontal trabecula 
(upper right) in the vertebral body (left), and formation of mi- 
crocallus (early healing of microfracture) (lower right) 


ous microfractures which were not properly repaired. 
Examples are fatigue fractures (“bone bruise ”) of the 
metatarsals in marathon runners or fractures of the 
pelvic girdle in patients with age-related osteoporo- 
sis. These microfractures (“micro cracks”) (Fig. 3.6) 
should not be confused with “Looser s zones” in pa- 
tients with osteomalacia (rickets). “ Infractions ” are 
partial fractures of the long bones when a localized 
unilateral break of the cortex occurs. “Vertebral com- 
pression fractures” often occur in stages and initially 
remain undetected until a total collapse of the verte- 
bral body has taken place. 


3.6 

Vertebral (Spinal) Fractures 

As mentioned above, a vertebral fracture rarely occurs 
in osteoporosis due to a sudden trauma, but rather 
develops in stages as a result of numerous microfrac- 
tures. Moderate decrease in height of the vertebral 
bodies can only be detected by sequential X-rays or 
other imaging techniques. Three grades of vertebral 
deformities are recognized (Fig. 3.7): 

• End-plate deformity 

• Anterior wedge deformity 

• Compression deformity 

Biconcave deformities, with depression of the upper 
and lower cortices of the vertebral bodies are the first 
to appear (Fig. 3.8). Occasionally focal depression 
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Normal vertebral body 


Fig. 3.7. Effects of progres- 
sive compression fractures in 
the vertebrae 



Biconcavity 



Wedging 



Compression 


may be caused by material from an intervertebral 
disk (“Schmorl’s knots”). Fractures of the vertebral 
bodies have been named according to the shape of 
the deformity: 


• End-plate fracture 

• Anterior wedging (Fig. 3.9) 

• Posterior wedging 

• Compression (crush) 



Fig. 3.8. The outlines of the vertebral bodies become a “pic- 
ture frame” with compression of the roof and ground plates 
(biconcavities) 



Fig. 3.9. Vertebral fracture with anterior wedge deformity 
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The last type involves the whole vertebral body. The 
deformity grading system in use comprises six de- 
grees of severity and is based on a percentage reduc- 
tion in vertebral height. Other types of deformities 
with various grades of severity also occur. An exact 
definition of vertebral body fractures has great prac- 
tical significance because the number and extent of 
such fractures are used as significant parameters in 
therapeutic trials. Comparison and meta-analyzes of 
trials depend on a clear and reproducible definition 
of “fracture”. 

Recognition of vertebral fractures is also essential 
for consideration of treatment strategies, because such 
prevalent fractures are associated with a fivefold in- 
creased risk of sustaining new vertebral fractures, and 
the risk increases dramatically according to the num- 
ber and severity of the prevalent fractures. The pres- 
ence of morphologically defined vertebral fractures 
also predicts other non-vertebral fractures, including 
those of the hip. Therefore X-rays of the spine to iden- 
tify prevalent vertebral fractures is a useful additional 
measurement in order to further assess a particular 
patient s risk of future fractures. 


hip fracture. There are good correlations between 
fracture rates and the result of DXA measurements 
of the femoral neck, Ward's triangle and the tro- 
chanter. The following parameters have prognostic 
significance: 

• Singh Index 

• Femoral neck length 

• Femoral neck width 

• Upper neck region 

The Femur Strength Index includes the patient's age, 
weight and height, the femoral neck BMD and sev- 
eral geometric parameters of the femur. The Singh 
Index , based only on X-ray examination, recognizes 
seven trabecular groups in the proximal femur which 
indicate pressure or traction according to their orien- 
tation. Between them lies an area which is relatively 
poor in ossicles called Ward's triangle. As osteopo- 
rosis progresses, the seven groups of trabeculae are 
steadily resorbed, so that three types of fractures 
could result: 

• Medial 

• Lateral 

• Inter-trochanteric 


3.7 

Hip Fractures 

Hip fractures are due to a slow but progressive loss 
of both cortical and trabecular bone. The bone loss 
is “silent” and manifests in fractures in individuals 
over 70 years of age (Fig. 3.10). There is only a weak 
correlation between vertebral fractures and future 



Fig. 3.10. Pertrochanteric fracture of the right femur 



Fig. 3.11. Colles’ fracture of the distal radius 
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3.8 

Wrist Fractures 

Fractures of the distal radius (Codes’ and Smith’s frac- 
tures) occur most commonly in women between 45 
and 65 years of age (Fig. 3.11). These are nearly always 
caused by a direct fall forwards onto the outstretched 
arm, with distal dislocation of the hand. 


3.9 

Other Fractures 

Other fractures associated with osteoporosis include 
those of the proximal humerus, the pelvis (Fig. 3.12), 
the distal tibia, the heel, the ankle, the clavicle and the 
ribs. All these bones contain large amounts of cancel- 
lous bone. In contrast, bones with a high content of 
cortical, compact bone such as the metatarsals, the 
phalanges and the proximal radius rarely fracture. 



Fig. 3 .12. Fracture of the right pubic bone in a patient with 
multiple myeloma and secondary osteoporosis. Note multiple 
small punched- out lesions in the right femur 



Subgroups of Osteoporosis 



Osteoporosis has traditionally been categorized as 
primary or secondary. Primary osteoporosis occurs 
together with and as a result of the major physiological 
condition known as ageing (senescence) and its causes 
and consequences. Secondary osteoporosis develops 
as a consequence of the major physio-pathological 
effects on the bones of the skeleton of numerous dis- 
orders and diseases of other organs and tissues in the 
body. 

The mechanisms involved in both categories have 
been extensively investigated and obviously depend 
on specific conditions and occurrences, such as for 
example the decrease in levels of ovarian and testicu- 
lar hormones in primary, involutional osteoporoses. 
With respect to secondary osteoporoses, it is equally 
clear that these are correlated with the disorders with 
which they are associated, and possibly also with the 
mechanisms and corresponding pathways respon- 
sible for these disorders. These aspects are already 
being taken into consideration today when consider- 
ing the treatment of osteoporosis required by patients 
with, for example, co-morbidities such as diabetes, 
AIDS or a cardiovascular disorder, all of which also 
affect the bones. 


4.1 

According to Spread 

Osteoporosis may be localized to one or more skeletal 
regions, i.e. focal or regional osteoporosis, as distinct 
from the classic generalized osteoporosis (systemic, 
global). The most important causative factors respon- 
sible for bone loss are: 

• Inactivity (immobilization osteoporosis): The clas- 
sic example of this is regional osteoporosis which 
occurs when an extremity is immobilized either 
because of a fracture or a motor-neuron injury. The 
lack of use and movement results in increased os- 
teoclastic resorption which, if sufficiently extensive, 
is also accompanied by hypercalciuria and hyper- 
phosphaturia. On cessation of immobilization and 
resumption of activity the process can be reversed 
and the bones normalized, especially those in chil- 
dren and young people. 

• Complex regional pain syndrome (CRPS, Sudeck s 
disease, algodystrophy, sympathetic reflex dystro- 
phy): This affects mainly the hands, knees and 
ankles and is characterized by swelling, pain, hy- 
peraesthesias and vasomotor reactions. 

• Transient (transitory) osteoporosis’. Transient osteo- 
porosis is a regional process first described in the 
pelvic bones in pregnant women. Since then, it has 
also been observed in knee and ankle joints in both 
young men and young women. The pain appears to 
start spontaneously without apparent prior trauma. 
The diagnosis is established by means of magnetic 
resonance imaging (MRI), which shows extensive 
oedema of the bone marrow around the painful 
joint. Clinically, the process is self-limiting with 
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complete restitution within 1 year. Together with 
CRPS this disorder is now summarized under the 
heading of “bone marrow oedema syndrome” and 
can be treated effectively with intravenous bisphos- 
phonates (complete remission in about 80% of cases) 
(see Chap. 31). 

• Gorham- Stout syndrome (“vanishingbonQ disease”): 
The cause of this rare bone disease has not yet 
been elucidated, although a vascular and lymphatic 
connection has been suggested, mainly by way of 
activated endothelium. It begins with completely 
uncoupled osteoclastic resorption of a bone and 
spreads to adjoining bones. Progression is variable. 
Severe or life-threatening complications may oc- 
cur when bones of the thorax or the vertebrae are 
involved. To date, the only effective therapy is ad- 
ministration of bisphosphonates as early as possible 
to prevent extensive loss of bone (see Chap. 31). 

• Other osteolytic syndromes : These may be due to 
a variety of causes, including infections, tumours, 
trauma as well as metabolic, vascular, congenital 
and genetic aberrations. 

• Generalized {systemic) osteoporosis : This is far 
more frequent than localized osteoporosis. In spite 
of its name, generalized osteoporosis is rarely mani- 
fested in the whole skeleton, but it does have a sym- 
metrical distribution. Juvenile and postmenopausal 
osteoporoses generally affect the axial skeleton, 
while the age-related form also attacks the tubular 
bones, especially in men. Consequently, the presence 
of normal bone density in bones of the extremities 
does not rule out (possibly even severe) osteoporosis 
of the axial skeleton. This is important to bear in 
mind in the evaluation of local measurements of 
bone mineral density (BMD), which only represent 
the bone measured and cannot be extrapolated to the 
rest of the bones in the skeleton. 


4.2 

According to Age and Sex 

• Idiopathic juvenile osteoporosis : This is a rare self- 
limiting disease in prepubertal children, usually oc- 
curring between 8 and 14 years of age. It generally 
manifests as compression fractures of the vertebrae 
accompanied by severe back pain. The differential 
diagnosis includes osteogenesis imperfecta, Cush- 


ing syndrome and diseases of the bone marrow 
which are diagnosed by analysis of peripheral blood, 
bone marrow and bone biopsies. 

• Idiopathic osteoporosis in young adults : This pri- 
marily affects men between the ages of 30 and 50 
years and is also characterized by fractures of the 
vertebral bodies. Biochemical parameters and bone 
biopsy findings show increased resorption of bone. 
Frequently the patients are heavy smokers, smoking 
having been implicated as a possible contributory 
factor. A mild form of osteogenesis imperfecta, not 
previously diagnosed, must be excluded in these 
patients. 

• Postmenopausal (type I) osteoporosis (Fig. 4.1): 
This is the most common form of osteoporosis and 
occurs in women between 51 and 75 years of age 
as a consequence of cessation of ovarian function. 
The loss of bone actually starts years beforehand 
and increases at the time of the menopause (per- 
imenopausal). About 30% of all women develop 
osteoporosis after the menopause. Cessation of oes- 
trogen secretion leads to a decrease in IL-6 and 
other cytokines, which in turn leads to increased 
recruitment and activation of osteoclasts. In addi- 
tion, bone becomes more sensitive to the resorption 
stimulating action of parathyroid hormones. As a 
consequence there is increased resorption of cancel- 
lous bone in the vertebrae and in the hip bones with 
a corresponding increase in fracture risk. Obviously 
this postmenopausal form of osteoporosis occurs 
only in women, but men are also subject to increased 
bone resorption as a consequence of testosterone 
deficiency, although at a later stage in life, from 
50 to 60 years onwards. Intestinal absorption of 
calcium in some postmenopausal women has been 
associated with hypercalciuria and linked to bone 
loss in idiopathic osteoporosis as well as in calcium 
nephrolithiasis. The hypothesis was put forward that 
these might be two subtypes of the response to hy- 
percalciuria of intestinal origin. 

• Involutional ( age-related , type II) osteoporosis 
(Fig. 4.1): In women, postmenopausal and in men 
postandropausal osteoporosis merges impercepti- 
bly into the involutional, age-related type which 
represents part of the aging process and which can 
lead to frailty. This is characterized by many fac- 
tors common to osteoporosis including sarcopenia, 
falls, decreased physical activity, cognitive decline, 
changes in many hormones, vitamins and cytokines. 


4.2 According to Age and Sex 
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The bone is mainly affected by the increased osteo- 
clastic activity. Clearly all these have a detrimental 
effect on quality of life such that today, in the first 
decade of the 21st century (the “Bone and Joint 
Decade”), efforts are now directed towards pre- 
vention of the frailty syndrome, which of course 
implies a decrease in all its consequences includ- 
ing osteoporosis. A study of bone biopsies taken 
from normal individuals (i.e. without any known 
metabolic, endocrine or osseous disorders) of dif- 
ferent age groups has shown that the number of 
osteoclasts and osteoblasts increases from the age 
of 50 years. This indicates that bone, far from be- 
ing a slow, inactive and atrophic tissue in the older 
age groups, presents the picture of increased os- 
seous remodelling. Other causative factors for in- 
volutional osteoporosis include: decreased mobil- 
ity, defective vitamin D metabolism, insufficient 


calcium and mild secondary hyperparathyroidism. 
Osteoporosis type II develops after 70 years of age 
and is now only twice as frequent in women as in 
men (however, they are catching up!). It has been 
postulated that a major factor in the mechanism of 
osteoporosis, especially severe osteoporosis in the 
elderly, in both men and women is the adipogenic 
shift, i.e. the predominance of adipogenesis over 
osteoblastogenesis in the bone marrow, due to the 
increased differentiation of mesenchymal stem cells 
into adipocytes. Studies have indicated that osteo- 
genic and adipogenic differentiation in the mesen- 
chymal stem cells is parallel until a late stage in the 
process. Cortical bone, especially that of the femoral 
neck, radius and pelvic bones, is then also involved 
in involutional osteoporosis, particularly in males. 
Approximately 80% of all osteoporotic fractures 
occur at this time, i.e. after 70 years of age. The 
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arbitrary separation of these osteoporoses - type 
I and type II - at this stage of the patients’ lives 
(>70 years) is of little (if any) practical value. An 
investigation of the change in BMD at baseline and 
at 3- and 5 -year follow-up visits in a cohort of 9423 
participants, both men and women, demonstrated 
the decline in bone loss at different skeletal sites. 
The results were correlated to rates of fracture and 
recommendations were made for times and frequen- 
cies of BMD measurements. Hypogonadism in men 
- as mentioned above, the decline in testosterone 
levels - may begin earlier or later, the latter being 
known as late onset hypogonadism (LOH). When 
LOH is accompanied by detrimental physiological 
and mental effects it is designated as symptomatic 
LOH (SLOH). The many symptoms that may be 
present include reduced physical and mental activi- 
ties and reduced muscle and bone mass, possibly 
even osteoporosis and anaemia. A randomized con- 
trolled trial of aromatase inhibition (1 mg anastra- 
zole daily for 3-12 months) resulted in increased 
testosterone levels at 3 months, then declined by 
12 months but remained significantly higher than 
at baseline. There was a modest decrease in levels 
of oestradiol, but no significant changes in body 
composition or strength. In view of the results of 
many population based studies which highlight the 
effects of low testosterone levels on the development 
of type 2 diabetes, metabolic syndrome and overall 
survival, testosterone replacement is the mainstay of 
therapy for symptomatic hypogonadism; however, it 
requires close monitoring. 


4.3 

According to Extent 

In daily clinical practice the degree of severity of a 
bone disorder must be accurately determined before 
decisions are made on urgency and strategy of ther- 
apy. In women, osteoporosis can be diagnosed if the 
BMD is 2.5 SD below the mean of a young reference 
population. Kanis and coworkers commented on this 
definition and gave diagnostic categories that may be 
applied to white women: 

• Normal bone : a BMD value that is higher than 1 
SD below the young adult female reference mean 
(T-score greater than or equal to -1 SD). 

• Low bone mass ( osteopenia ): a BMD value more 
than 1 SD below the young female adult mean, but 
less than 2.5 SD below this value (T-score <-l and 
>-2.5 SD). 

• (Preclinical) osteoporosis’, a BMD value 2.5 SD or 
more below the young female adult mean (T-score 
less than or equal to -2.5 SD). 

• Severe (manifest, established) osteoporosis : a BMD 
value 2.5 SD or more below the young female adult 
mean value in the presence of one or more fragility 
fractures. 

This definition uses the T-score of dual-energy X-ray 
absorptiometry (DXA) at the femoral neck as a diag- 
nostic criterion, which in fact has already long been 
done in bone densitometry (Fig. 4.2). Bone density 
results are compared to those of age-, sex-, and race- 
matched controls. It is also evident that the T-score 
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Fig. 4.2. DXA measurement 
of the lumbar spine with 
definition of the T-score 
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Fig. 4.3. Degrees of 
reduction in trabecular bone: 
osteopenia followed by 
osteoporosis with complete 
destruction of the trabecular 
network 



Normal 



Osteopenia 



Osteoporosis 


cannot be used interchangeably with different tech- 
niques and at different sites. Therefore, a reference 
standard must be adopted in terms of skeletal site 
and measurement technique, and measurements with 
DXA at the femoral neck have the highest predictive 
value for hip fracture, as established in many pro- 
spective studies. Data are also available for the total 
hip, but the evidence to date does not suggest any 
improvement in fracture prediction. In lumbar spine 
BMD, an important source of accuracy error is aortic 
calcification and osteoarthrosis that increase progres- 
sively with age. Moreover, the hip is the site of highest 
clinical relevance, since hip fracture is the dominant 
complication of osteoporosis in terms of morbidity, 
mortality and cost. The recommended reference range 
is that given in the Third National Health and Nu- 
trition Examination Survey (NHANES III) reference 
database for femoral neck measurements in white 
women aged 20-29 years, as previously recommended 
by the International Osteoporosis Foundation and the 
International Society of Clinical Densitometry. These 
diagnostic criteria for osteoporosis are similar to those 
previously proposed by the WHO in 1994, but differ 
by specifying a reference site (the femoral neck) and 
by accommodating diagnostic criteria for non-white 
women as well as for men. 


4.4 

According to Histology 

The trabecular bone volume in iliac crest biopsies of 
normal adults comprises approximately 20-25 vol% 
of the biopsy section. When this value drops to 16%, 
“rarefaction” of the trabeculae has occurred. Other 
histological parameters are also evaluated (Fig. 4.3): 

• Cortical thickness and cortical porosity 

• Disruption of trabecular network 


• Trabecular width. Type A= long and thin, type 
B = short and stout 

• Quantity and distribution of osteoid (degree of min- 
eralization) 

• Quantity and distribution of fat cells (atrophy in the 
endosteal region) 

• Changes in the stromal elements (inflammatory re- 
actions) 

• Quantity and maturation of the haematopoietic cell 
lines 

• Presence of foreign or malignant cells 



Fig. 4.4a, b. (a) Low turnover osteopenia with paratrabecular 
localization of fat cells, (b) At higher magnification rim of fat 
cells around a button-like trabecula. Giemsa staining 
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When the trabeculae are surrounded by fat cells or 
layers of fatty tissue, osseous remodelling is then de- 
creased and osteoid seams are absent (bone atrophy). 
This particular distribution of fat cells is a sign of 
incipient osteoporosis, the “low turnover” type as seen 
in sequential biopsies (Fig. 4.4a, b). Recent research 
has demonstrated that there is indeed a connection 
between fat cells and osteoblastic activity. 

The volume, extent and width of osteoid seams are 
always noted in order to estimate the presence and de- 
gree of osteomalacia (Fig. 4.5). These data are required 
for estimating the therapeutic amounts of vitamin 
D required. The value for osteoid should not exceed 
2 vol% of the trabecular volume. However, in older pa- 
tients values of 2-5 vol% are frequently found, which 
indicate the presence of an “osteoporo-malacia”, when 
a low trabecular vol% is also present. A histologic di- 
agnosis of osteomalacia is based on three criteria: 

• Periosteocytic demineralization (an early sign!) 

• Osteoid occupies more than 50% of the trabecular 

surface 

• Width of osteoid seams more than 10% of the total 

trabecular volume (vol%) 

The clinical diagnosis of osteomalacia requires X-ray 
(Looser "s zones), serologic investigation and evidence 
of a basic disorder (usually of gastrointestinal, nutri- 
tional or renal origin). 

Immunohistochemical evidence of bisphospho- 
nates in bone biopsy sections is of particular interest 
(Fig. 4.6). A comprehensive description of the signifi- 
cance of bone biopsies in internal medicine can be 
found in the atlas Biopsy of Bone in Internal Medicine 
(Bartl and Frisch 1993). Moreover, with the introduc- 
tion of improved biopsy needles and the latest immu- 
nohistological techniques as well as increasing interest 



Fig. 4.5. Severe osteomalacia with irregular trabecular struc- 
ture and increased trabecular volume due to increased amount 
of osteoid (red). Ladewig 



Fig. 4.6. Deposition of bisphosphonate (red) on the surface of 
a trabecula visualized by means of an antibody to ibandronate. 
Immunohistology 


in bone and its cells, bone biopsies will also acquire 
greater significance in the investigation of bone disor- 
ders including osteoporoses, especially those of sec- 
ondary and drug-induced nature. 



Risk Factors for Fractures 




Until recently, the diagnosis of osteoporosis was made 
only when the patient presented with painful fractures. 
Today, with greater awareness of health and healthy 
living, we realize that recognition and avoidance of 
risk factors can prevent many chronic illnesses. A 
50-year-old-postmenopausal woman who goes to her 
physician for a yearly “check up” expects to have her 
blood pressure taken, her cholesterol measured and 



Fig. 5.1. 10-Year risk of hip fractures relative to the total hip 
bone mineral density (. BMD ) (normal, osteopenic and osteo- 
porotic) and the number of risk factors (modified from Taylor 
B et al. [2004]) 


a mammography performed - that is good medical 
practice. Likewise, she should ask for a bone mineral 
density (BMD) measurement to investigate her risk for 
developing osteoporosis (Fig. 5.1). Results of studies 
even suggest that low bone mass density is a better 
predictor of fracture risk than increased cholesterol 
is of having a heart attack and high blood pressure of 
having a stroke (Fig. 5.2). We are now aware of many 
genetic and acquired factors which are responsible for 
and/or contribute to the development of osteoporoses. 
Furthermore, low BMD is associated with a lower 
risk of breast cancer: stimulating effects of oestro- 
gen on both trabecular bone and mammary cells may 
be responsible for this correlation. Another study has 
shown that bone density changes might be related to 
the progression of atherosclerosis, or vice versa, in 
haemodialysis patients. 


Relative risk 



Blood pressure and stroke 


1 Cholesterol and myocardial infarction 


Fig. 5.2. Risk factors for three selected chronic disorders 
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5.1 

Risk Factors Which Cannot (yet) be 
Influenced 

Genetics : The saying “as mother so daughter” applies 
especially to osteoporosis. A family history of an osteo- 
porotic fracture in a first-degree relative is a powerful 
indicator that genetic factors may play a role in the 
development of osteoporosis. We know that the “peak 
bone mass” and the subsequent later loss of bone are ge- 
netically programmed. Studies of twins have shown that 
genetic factors account for up to 80% of the variance in 
BMD, the best known predictor of the risk of osteopo- 
rosis. Some loci, such as for vitamin D and oestrogen 
receptor genes as well as the collagen type Ial locus 
are promising genetic determinants of bone mass, but 
the molecular basis of osteoporosis still remains largely 
undefined. Experts have also implicated gene-gene and 
gene-environment interactions as significant determi- 
nants of bone density and risk of osteoporosis. As yet 
there are no tests available to evaluate the genetic risk of 
osteoporosis. Nevertheless, a proper diet and exercise in 
childhood and youth can go a long way to ensure a peak 
bone mass in adulthood. Part of the heterogeneity of 
osteoporosis may be due to the presence of osteoporosis 
in a number of genetic syndromes (“syndromic osteopo- 
rosis”), or as a consequence of a congenital syndrome, 
such as Down’s, in which skeletal changes including 
a low bone mass already occur in childhood. Infor- 
mation derived from genetic studies is being used to 
develop markers for the assessment of fracture risk and 
new drugs for osteoporosis. Genetic syndromes causing 
osteoporosis can be distinguished by careful physical 
examination (e.g. stature, as well as abnormalities of 
teeth, skin and eyes). These features are common to a 
number of the syndromes listed in Table 5.1. Although 
there is a genetic component to osteoporotic fractures, 
it is much smaller than that of BMD. As fracture is 
the end result of a number of factors including BMD, 
bone turnover, body size and shape, muscle function 
and the risk of falling, all of which are controlled by 
different genetic pathways, it is difficult to disentangle 
the underlying genetics of fracture. However, genetics 
also influence other aspects of the metabolism of the 
bones such as the parathyroid hormone (PTH) signal- 
ling pathways, by way of single nucleotide polymor- 
phisms (SNPs) and various haplotypes, some of which 
are associated with risk of fractures, independently of 
BMD in certain populations. 


Table 5.1. Genetic syndromes featuring osteoporosis 


Syndrome 

Clinical features 

Turner (XO) 

Short stature, primary 
amenorrhea 

Klinefelter (XXY) 

Tall stature, gynecoid features 

Osteogenesis imperfecta 

Blue sclerae, dental 
abnormalities 

Ehlers-Danlos 

Joint hypermobility, 
dislocations 

Cutis laxa 

Lax skin, premature aged ap- 
pearance 

Marfan 

Tall stature, lens dislocation, 
aortic root dilation, “Floppy 
valve syndrome” 

Homocystinuria 

Tall stature, thrombosis, lens 
dislocation 

Cleidocranial dysplasia 

Sloped shoulders, dental 
abnormalities 

Osteoporosis-pseudoglioma 

Poor vision, early fractures 

Werner 

Short stature, premature ageing 

Hereditary sensory 
neuropathies 

Insensitivity to pain 


Many factors control the development and growth 
of the skeleton , including the deposition, accrual and 
retention of mineral in bone from the embryonic 
stage onwards throughout life. Numerous epidemio- 
logical studies published towards the end of the last 
century demonstrated a relationship between weight 
and length at birth and during infancy and the bone 
mass, stature and height in adulthood. It soon be- 
came evident that heredity, i.e. genes, contribute to 
the control of physical traits such as bone mass and 
density, height and obesity, and this realization has 
stimulated a massive increase in research into the 
genes involved in these processes. It has been esti- 
mated that about 60-70% of the variability in bone 
mineral mass, or BMD, is due to genetic variation, 
while other environmental factors account for the 
remaining 30-40% of the phenotypical variation. 
Another hereditary factor, more strongly expressed 
in female than in male offspring, is paternal skeletal 
size. At the biochemical level, a cohort study of 966 
men and women provided evidence of an interaction 
between an SNP in the calcium sensing receptor gene 
(CASR) and birthweight, and in the determination of 
bone mass in a female population. Correlations bet- 
ween the growth hormone gene, weight in infancy 
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and adult bone mass have also been described. Nu- 
merous studies, and from various aspects, have ad- 
dressed the question of bone growth in infancy and 
childhood and its effects on peak bone mass, bone 
strength and fracture risk later in life. To date, in the 
first decade of the new millennium, many large scale 
studies have been published on the genetics of both 
physiological and pathological aspects of skeletal 
development, modelling and growth, as well as on 
remodelling, repair and maintenance of the bones. 
In addition, linkages between mechanisms control- 
ling metabolism of bone and a variety of chronic 
disorders prevalent in adulthood and in the elderly 
have also been elucidated, particularly with respect 
to osteoporosis. Polymorphisms have been identified 
in many genes active in different aspects of osseous 
metabolism and their associations with osteoporosis 
clarified. Moreover, the identification of specific ge- 
netic loci, for example loci connected to height, has 
revealed new biological pathways in human growth, 
and these could well indicate targets for the design of 
future drug therapies. 

Additional large-scale analyses have now been 
reported on the effects on osteoporosis of the asso- 
ciation of genomic polymorphisms and other factors 
in osseous metabolism. Examples include polymor- 
phisms of the oestrogen receptor ESR1, vitamin D 
receptor variations, polymorphisms in the transform- 
ing growth factor (TGF) B1 gene, and in the LRP5 
and LRP6. Today, one novel aspect of genetics is the 
ongoing investigation of genes in so-called causation, 
i.e. the relationships of genotypes to phenotypes, 
which are extremely complicated and conclusive 
observations are awaited. In addition, the patient’s 
family history must also be taken into account, since 
it has been shown that family history is an impor- 
tant risk factor for osteoporosis in women in the US. 
Patients with developmental difficulties, congenital 
or acquired, are also liable to osteoporosis and fra- 
gility fractures. The passage of time sets in motion 
many processes such as mitochondrial dysfunction 
and apoptosis which, in various organs and tissues, 
gradually lead to reduction in mass as in the skeletal 
muscles: sarcopenia. This in turn leads to a decrease 
in BMD. It has been postulated that the detection of 
sarcopenia at the time of dual-energy X-ray absorp- 
tiometry (DXA) could be used as a screening test 
for women who require special exercises to restore 
muscles and BMD values. Another age-related pro- 


cess that induces changes in bone cells and thereby 
promotes osteoporosis is telomere shortening with 
replicative ageing of osteoblast precursors. 

Race : Caucasians tend to have the lowest bone mass, 
and hip fractures are far more common among Whites 
than non-Whites. Age-adjusted hip fracture incidence 
rates are higher among Scandinavian residents than 
other comparable populations. Afro-American women 
tend to have the highest bone density and lose bone less 
rapidly as they age. 

Gender. Women have a greater risk for most frac- 
tures than men. In general, the rate of spine and hip 
fractures in women is two or three times greater than 
in men. These sex-related differences in osteoporo- 
sis-associated fractures have been attributed to higher 
BMD in men than in women, as well as to differences 
in body size, bone size and width, while differences 
in geometry of the bones and (possibly accumulated) 
microarchitectural damage may also be contributing 
factors. In addition, male and female hormones may 
differentially alter the mechanostat set points by which 
bone tissue is added to a particular location when and 
where it is mechanically needed. 

Age: Between 30 and 35 years of age osseous re- 
modelling, i.e. resorption and formation, are balanced. 
Thereafter, the genetically determined loss of bone 
sets in, to a somewhat greater extent in women than in 
men, at a rate of approximately 0.5-1% per year after 
the age of 30. With onset of the menopause and the 
drop in oestrogen secretion, the rate of osteoporosis 
and fractures in women increases steadily (Fig. 5.3). 
Early menopause is also an important risk factor for 


Incidence per 10000 population 



Age group (years) 

Fig. 5.3. Incidence of fractures according to sex and age. No- 
tice the time lag of about 10 years in elderly men 
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osteoporosis. Moreover, it is worth remembering that 
now that hormone replacement therapy (HRT) is no 
longer acceptable, most of these women are subject to 
other hormone-dependent conditions affecting their 
general health and the bones. In men the risk of frac- 
tures increases steadily with the decline in testoster- 
one secretion from about 60 years onwards. The risk 
increases even more with each decade of increasing 
age. The elderly also have an increased tendency to 
fall: one-third of individuals over 65 years of age will 
fall at least once a year. About 6% of falls for individu- 
als over age 75 result in a fracture. Additional risks 
for developing osteoporosis are due to the following: 
increasing occurrence of co-morbidities together with 
the necessity to take various medications; deficiencies 
of calcium and vitamin D; decrease in physical activi- 
ties that possibly potentiate the age-related decrease in 
muscle mass, i.e. sarcopenia; and unbalanced osseous 
remodelling due to the decline in osteoblastic activity. 

Height and weight’. Women with hip fractures have 
been reported to be taller than those without, whereas 
there was no effect of height on male hip fractures. 
Clearly, body weight and body mass index (BMI) are 
positively related to BMD and inversely related to 
osteoporosis and fracture rates. Investigations have 
demonstrated that low body weight and BMI are pre- 
dictive of low BMD and increased fracture risk in 
women aged 40-59 years. It should be stressed that 
the maintenance of an appropriate weight is an impor- 
tant factor for the prevention of osteoporosis. Obese 
individuals need to lose weight to reduce the risk of co- 
morbid conditions. However, clinicians must be aware 
of the fact that marked weight loss can be detrimental 
to bone in the absence of appropriate precautionary 
measures. In addition, it is very important to take into 
account that osteoporosis in obese postmenopausal 
women is almost invariably associated with co-mor- 
bidities that may affect the bones. Moreover, there is 
a high prevalence of micronutrient deficiency (vitamin 
D included!) in morbidly obese people for which they 
should be checked and treated. This is also the case 
prior to and after bariatric surgery to avoid insufficien- 
cies due to possible post-operative complications such 
as inadequate diet and malabsorption, including that of 
calcium and vitamin D. 

Previous fractures’. Even if the cause is unknown, 
the risk of sustaining another fracture is doubled 
when one has already occurred. Possibly individuals 
with one fracture tend to fall and develop subsequent 


fractures at a greater rate than individuals with no his- 
tory of fractures. It has been estimated that a single 
spontaneous vertebral fracture raises the risk of fur- 
ther vertebral fractures by a factor of 5, while two or 
more fractures increase the risk by a factor of 12. 

Family history: It has transpired from the compre- 
hensive data on patients and their relatives, taken for 
the many trials on osteoporotic fractures, and which 
have now accumulated, that family history is also a sig- 
nificant and independent risk factor for osteoporosis. 

Pregnancy and lactation: A woman nursing a baby 
secretes about 500 mg calcium daily into the milk. 
After nursing five babies, she will have secreted some 
300 g of calcium - about a third of the amount of 
bound calcium incorporated in the skeleton. To some 
extent the high levels of sex hormones during preg- 
nancy stimulate a greater absorption of calcium from 
the gastrointestinal tract and a greater uptake by the 
bones. However, there are additional risks for osteopo- 
rosis when several weeks’ bed rest is required and also 
if muscle relaxants and sedation are administered dur- 
ing pregnancy. In some cases corticosteroids are also 
given. In these circumstances a massive excretion of 
calcium and loss of bone is the inevitable result, and 
the pregnant women must be given calcium and vita- 
min D to compensate for the loss. In general, there is a 
decrease in bone density during pregnancy and breast- 
feeding, but the bone density is restored to normal after 
birth and weaning. Only a few women suffer fractures 
during this temporary decrease in bone mass, mainly 
due to nutritional inadequacies. 

5.2 

Risk Factors Which Can be Influenced 

Chronic inactivity: Insufficient physical movement is 
the single most important risk factor for osteoporosis. 
This applies also to younger, bed-ridden patients who 
may lose up to 30% of their bone mass in a few months, 
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but may require years to regain their original bone 
density. When an arm is immobilized in plaster for 3 
weeks because of a wrist fracture, the bones involved 
lose 6% of their density. A study of patients restricted 
to bed rest showed that trabecular bone was lost at 
the rate of about 1% per week! It has been suggested 
that trabecular bone increases at about 1% per month, 
so that restoration of bone mass is much slower than 
bone loss. 

Examples of immobilization with rapid bone loss 
include: 

• Paralysis after spinal injuries 

• Hemiplegia after cerebrovascular events 

• Paraplegia of the lower half of the body 

• Immobilization after fractures of the lower extremi- 
ties at any age 

• Weightlessness in astronauts 

Patients with osteoporosis who are confined to sev- 
eral weeks’ bed rest after a fracture frequently sustain 
more fractures during the subsequent period of mo- 
bilization. A prolonged period of post-operative bed 
rest should therefore be avoided by implementation of 
new surgical techniques, early mobilization and the 
bones protected by administration of the appropriate 
drugs readily available today (e.g. aminobisphospho- 
nates). In addition, there is a close relationship between 
muscle and bone mass. Moreover, with advancing age, 
many diseases could be avoided, or at least positively 
influenced, by regular exercise and physical activity. It 
is regrettable that the conveniences of civilization are 
exploited at the cost of our bones, and that we play a 
dangerous game in ignoring the increasing trends to- 
wards physical inactivity in our children, as witnessed 
by the well-nigh global epidemic of juvenile obesity! 

Micro gravity: Healthy astronauts must perform spe- 
cial exercises before and while they are in outer space 
due to the lack of gravity. Nevertheless they lose about 
1% of their bone mass every month. Under spaceflight 
conditions astronauts experience a loss in bone density 
at a rate up to ten times faster than that of earth-bound 
patients with osteoporosis. Experimental studies have 
shown that weightlessness induces osteocytic apopto- 
sis and this in turn attracts osteoclasts to bone dur- 
ing spaceflight has been extensively studied and used 
as a model for the decrease in BMD in osteoporosis 
on earth, for example in the case of mobilization due 
to fractures or paralysis, bone loss due to decline in 
hormones in the menopause, the andropause and in 


involutional osteoporosis. Two mechanisms observed 
in spaceflight under microgravity, i.e. the demineral- 
ization of bone and the inhibition of osteoblasts, also 
characterize bone loss here on earth. 



Excessive sport : Female athletes in particular are li- 
able to osteoporosis later in life. Constant and lengthy 
training as well as strict control of diet and weight both 
lead to an extreme reduction in body fat and a drop 
in levels of oestrogen, with the result that menstrual 
periods become irregular or cease altogether; conse- 
quently, the risk of fractures is clearly increased. 



Low body weight (low body mass index): “Slim 
women, thin bones” - all large studies of risk factors 
for osteoporosis have confirmed this saying. Under- 
weight women have a high risk of fractures, while 
overweight women are rarely affected by osteoporosis. 
This is because the increased weight strengthens the 
bones while the oestrogen metabolites produced by the 
fat cells further protects the bones from osteoporosis. 
After the menopause, the hormones produced by the 
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adrenal cortex - androstenedione for example - are 
metabolized by the fat cells by means of their aro- 
matases and converted to bone-protecting oestrogen. 
On the negative side, however, overweight has delete- 
rious consequences such as deformities of the verte- 
brae and “wear and tear” of the joints, especially the 
knees and ankles. Low body weight with its decrease 
in bone density and increase in fracture risk affects 
both men and women equally. For decades our society 
has broadcast the message to women that to be thin is 
attractive, beautiful and desirable. Embroiled in this 
“thinness mania”, millions of women still persist in 
following misguided attempts at attaining and main- 
taining thinness, at the cost of their bones. It is im- 
possible to consume adequate amounts of the nutrients 
required for bone growth and bone maintenance on a 
low calorie diet alone. Patients with anorexia nervosa 
are particularly prone to the development of osteopo- 
rosis. In some countries 1-3% of women are subject to 
eating disorders, the consequences of which include 
osteoporosis. There are several potential mechanisms 
to explain the increased fracture risk in individuals 
with low body weight: 



• Decreased mechanical loading of the skeleton 

• Hypogonadism 

• Reduced production of oestrogen by fat cells (adi- 
pocytes) 

• Low insulin and IGF-I levels 

• Less impact-absorbing fatty padding over the greater 
trochanter (hip fracture) 


Obesity : It was previously believed that obesity and 
osteoporosis were two unrelated diseases, but recent 
studies have shown that both diseases share several 
common genetic and environmental factors. Normal 
ageing is associated with both a high incidence of 
osteoporosis and with bone marrow atrophy, i.e. re- 
duction in haematopoietic tissue and a corresponding 
increase in fat cells (adipocytes). Bone remodelling 
and adiposity are both regulated via the hypothalamus 
and the sympathetic nervous system, and adipocytes 
and osteoblasts derive from a common mesenchymal 
precursor cell. But, based on the present state of knowl- 
edge, it is still unclear whether the fatty tissue has 
beneficial effects on bone. However, relationships have 
already been demonstrated between adiposity and adi- 
pocyte dysfunction and adverse effects on many sys- 
tems, which in turn can also adversely affect the bones. 
Obesity is also closely related to insulin and diabetes, 
which in turn are part and parcel of the metabolic syn- 
drome which also affects the metabolism of bone. The 
increased risk of osteoporosis posed by morbid obesity 
has now been demonstrated by the results of measure- 
ments of BMD, BMI and other parameters, such as 
bone turnover markers taken before and after bariatric 
surgery. Risk factors for osteoporosis, if not already 
present, are increased after bariatric surgery due to 
various factors including difficulties with nutrition, 
absorption and periods of decreased physical activity. 
A comprehensive program for a change in lifestyle 
is required, including nutrition, physical exercise and 
appropriate medication, possibly i.v. bisphosphonates 
to avoid gastrointestinal problems and vitamin supple- 
ments as required. 

From a practical point of view, the adverse meta- 
bolic consequences of obesity can best be avoided, or 
managed if already present, by scrupulous attention to 
lifestyle factors ! Moreover, as recently pointed out, not 
only during the work days of the week, but especially 
during the weekends, the temptation to indulge must 
be resisted! 

Low lifelong calcium intake : The average adult 
ingests about 500 mg of calcium daily. If there is a 
decreased calcium intake over years, increased para- 
thyroid hormone levels stimulate bone to release cal- 
cium from its stores, and this causes osteoporosis. The 
greater the calcium intake in childhood and adoles- 
cent years, the higher the peak bone mass, making the 
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bone less susceptible to fracture with normal ageing in 
women as well as in men. 

State of depression : Depression by itself is most 
probably not a main cause of osteoporosis, but the ac- 
companying circumstances are. Studies have shown 
that women with severe longstanding depression have 
6% less bone mass than matched controls without de- 
pression. The main contributory factors linking de- 
pression, low BMD and fracture risk include: 

• High levels of stress hormones 

• Low levels of gonadal steroids 

• Various anti-depressant drugs 

• Lack of appetite and inadequate nutrition 

• Increased alcohol abuse 

• Co-morbid medical conditions, and most importantly 

• Reduced physical activity 

• Lack of motivation 

Cigarette smoking - u bone terrorist number one 
Cigarette smoking has a negative influence on BMD 
independent of differences in weight and physical ac- 
tivity. Smoking doubles the risk of osteoporosis and 
therefore constitutes an important risk factor. Women 
who smoke one pack a day during adulthood have 
5-10% less BMD at the age of menopause than do 
non-smokers. Swedish studies report that the BMD of 
a 70-year-old woman who smokes is equivalent to an 
80-year-old non-smoker. According to the results of re- 
cent studies, it is estimated that smoking increases the 
lifetime risk of vertebral fractures by 13% in women 
and 32% in men. The figures for hip fractures are: 
31% for women and 40% for men. It is suggested that 
10-20% of all hip fractures in women are attribut- 
able to smoking. Although the exact mechanism is 
not known, various chemical substances in cigarettes 
are probably responsible. Nicotine inhibits oestrogen 
secretion, stimulates oestrogen breakdown in the liver 
and accelerates the onset of menopause. Smoking also 
depletes the body of certain nutrients, such as vita- 
min C, which are essential for bone building. Smok- 
ing seems to impair the bone protective effects of 
nutritional calcium in postmenopausal women, more 
clearly in the lumbar spine than in the femoral neck. In 
addition, smoking increases the body’s toxic burden of 
cadmium, lead and many other toxic substances which 
interfere with calcium absorption and mineralization. 
It has been demonstrated that smoking impairs the 


protective effects of nutritional calcium on bone. Fi- 
nally, smoking also inhibits osteoblasts and diminishes 
blood circulation in bone. Cigarette smokers also tend 
to be thinner than their non-smoking counterparts, 
which may also play a role. No BMD differences were 
found between former and never- smokers. Reducing 
current smoking would help prevent many fractures, 
including hip and spine fractures, and may also im- 
prove the healing of fractures. 



Excessive alcohol intake : Many physicians believe 
that alcohol intake is bad for bone. However, studies 
have shown that modest intake is associated with in- 
creased oestradiol concentration and therefore with 
higher bone density and a lower risk of fractures. 
Consequently, there is no reason to advise individu- 
als who drink alcohol in moderate amounts to stop for 
reasons of preventing osteoporosis. However, no study 
published to date has given the definition of “moder- 
ate amounts” in measured quantities of alcohol; the 
amount is usually given as “0.5 -1.0 drinks per day”. 
Genuine alcoholism, however, increases the risk of 
osteoporosis and fractures and substantially delays 
fracture healing. However, in an assessment of pa- 
tients with chronic alcoholism, it should be noted that 
decisive factors are the accompanying poor nutrition, 
lower weight, hepatic damage, lower calcium absorp- 
tion and decreased levels of oestrogen. Chronic alco- 
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holism induces cardio-, hepato- and splenomegaly, 
which contribute to the adverse consequences and 
poorer outcome of patients with chronic alcoholism. 
Chronic alcoholism may be five to ten times more fre- 
quent among patients with fractures than among those 
without fractures. The negative effects of excessive al- 
cohol on bone are seen in women as well as in men. 



Excessive lipid intake : Hyperlipidaemia and an in- 
creased susceptibility to lipid oxidation may also con- 
stitute risk factors for osteoporosis. In addition, dietary 
lipids have now been implicated in calcium exclusion, 
fatty acid metabolism and osteoblast function. 

Nutritional deficiency : Nutrition is an essential fac- 
tor in the maintenance of bone health and the follow- 
ing factors are known to be important: 

• Minerals: calcium, phosphorus, magnesium, zinc, 
manganese, copper, boron, silica 

• Vitamins: D, C, K, B 6 , B 12 , folic acid 

• Proteins 

• Essential fatty acids 

A number of articles published in 2008 have stated 
clearly that hypovitaminosis D is widespread, regard- 
less of geographic location. The far-reaching conse- 
quences include osteoporosis, falls, altered glucose 
and lipid metabolism and increased risk of cancer on 
an international scale. 

We frequently under-consume most of these key 
bone-building nutrients. In a recent survey, not a single 
person consumed 100% of the Recommended Daily 
Allowance (RDA) for the nutrients listed above. As 
mentioned previously, when insufficient calcium is ab- 
sorbed from food, it is mobilized from the bones by 


PTHs, causing a negative bone balance with respect 
to remodelling (i.e. more resorption than formation). 
In childhood, youth and pregnancy, it is particularly 
important to meet the needs of the growing bones by 
strict attention to appropriate nutrition. On the other 
hand, too much of certain substances should also be 
avoided; to give but one example: daily consumption 
of chocolate by 70- to 85 -year-old women resulted in a 
reduction in BMD and in bone strength. 

Hormones'. For women, an early menopause (natu- 
ral or surgical) is an important risk factor. Likewise 
insufficient testosterone in men also leads to osteopo- 
rosis. Moreover, alcoholism and anorexia nervosa can 
both contribute to testosterone deficiency. Therefore, 
testosterone levels in the serum should always be in- 
vestigated in young men with osteoporosis of unknown 
aetiology to detect hypogonadism or testosterone defi- 
ciency. Oral contraceptives contain a combination of 
oestrogen and progesterone, and both may increase 
bone mass. Indeed there is some evidence that women 
who have used birth control pills for a long time have 
stronger bones than those who have not. Oral contra- 
ceptives may especially protect some women athletes 
against the risk of stress fractures. 

Medications'. Many drugs weaken the bones and 
the most important are cortisone and its derivates, 
the glucocorticoids. These are used systemically in 
many diseases: bronchial asthma, allergies, rheumatic, 
haematologic, intestinal and immunologic diseases, 
as well as after transplantations. Adult and elderly 
patients with co -morbidities are very likely to be at risk 
for medication-induced osteoporosis. Patients who are 
treated with cortisone (or its derivates) for more than 
a year develop osteoporosis with a high risk of frac- 
tures. There is another long list of medications which 
weaken the bones on long-term use including lithium, 
isoniazid, carbamazepine and other antiepileptic drugs, 
heparin, warfarin and other anticoagulants, antacids 
containing aluminium and, in particular, immunosup- 
pressive drugs such as cyclosporin A. However, thy- 
roid hormone when given in daily doses of 75-125 pg 
probably does not harm the bones. Warfarin competi- 
tively inhibits vitamin K, but concern about osteopo- 
rosis should not deter the use of anticoagulants for the 
prevention of thromboembolic disorders. In contrast, 
thiazide diuretics and beta-blockers, however, both 
appear to exert some skeletal benefit as indicated by 
higher BMD values, less bone loss and lower fracture 
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rates. A recent study has demonstrated that the use of 
beta-blockers is associated with a reduced risk of frac- 
ture in middle-aged and older subjects. It should also 
be noted that occasionally therapy of a co -morbidity 
has a beneficial effect on bone, as observed in patients 
treated with ultraviolet light B for psoriasis. On the 
other hand, patients treated with radiotherapy local- 
ized to one particular site in the body may develop os- 
teoporosis in adjoining skeletal areas. 

Homocysteine : Increased plasma homocysteine 
levels have been suggested as an independent risk fac- 
tor for osteoporosis, bone loss and fragility fractures, 
perhaps by interfering with collagen cross-linking and 
stimulating osteoclast activity. Although some of the 
risk may be related to low serum levels of folate and 
vitamin B12, it is now acceptable to consider an el- 
evated level of homocysteine as a marker of elevated 
fracture risk. 

Imbalance, tendency to fall and obstacles : Almost 
a third of elderly people fall at least once a year but 
only 10% break a bone. Obviously, in addition to the 
degree of severity of osteoporosis, the type of fall also 
determines whether or not a fracture is likely to occur. 
Protective reflexes - such as stretching out the arms 
to break a fall - are reduced in older people who also 
have less energy-absorbing soft tissue around the hip 
joints, resulting in an increased tendency to break the 
hip bone on falling. Similar considerations apply to 
lateral or forward falls. Moreover, cognitive or visual 
impairment, dizziness and syncopal events, as well as 
various rheumatic disorders may further diminish the 
capacity to prevent and/or mitigate a fall. A very sim- 
ple test can be used to evaluate a patient’s coordination 
and thereby the risk of falling and of fracture: the “rise 
and walk” test. The patient gets up from a chair, walks 
to a wall 3 m away, touches it and returns to sit on the 
chair again. If this takes longer than 10 s, then there is 
an increased risk of fracture. Examples of physiologic 
changes found in frequent fallers include impaired 
proprioception and motility, impaired visual acuity, 
impaired ankle dorsiflexion, decreased reaction time 
and increased body sway. Protection against blows to 
the hip is afforded by pads sewn into the underwear or 
worn beneath it. The pads disperse the impact of the 
fall and thus protect the hip joint (Fig. 5.4a,b). When 
osteoporosis is already established, various other fac- 
tors - either health-related as listed above, or in the en- 
vironment - increase the fracture risk. These include 


muscular weakness, poor coordination, awkward 
movements and inadequate protective reactions, ex- 
citement, dizziness, brief fainting attacks, Parkinson’s 
disease and alcoholism, fatigue, including drug-in- 
duced, possibly due to antidepressive or antihyperten- 
sive medication as well as a variety of sleeping tablets 
which entail a high risk of falling while simultaneously 
decreasing the body’s protective mechanisms. Cardiac 
medications and analgetics have also been implicated 
as risk factors. Other culprits are obstacles in the home 
such as telephone and other wires and cables, stairs, 
loose carpets, slippery bathroom mats, lack of grab- 
bars and poor lighting. 



b 


Fig. 5.4a,b. Hip protectors to absorb the energy of a fall and 
redistribute the load to the surrounding tissues 
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A previous fracture : Patients who have already 
sustained a fracture in the past are at increased risk 
of another fracture in the future; therefore, preventive 
care is especially important and all the considerations 
outlined above apply equally to these patients. 

Education and knowledge : Many of the risk factors 
listed above could be avoided by proper information 
and emphasis on how the patients themselves could 
contribute to a reduction in risk factors. The empha- 
sis should be on aspects of daily living, especially in 
the elderly, who could probably also benefit from a 
device such as a picture, sketch or other graphic re- 
minder which would be constantly displayed in their 


rooms (homes). Finally, it should be remembered that, 
even in the absence of osteoporosis, falls and fractures 
may occur. One such example is fracture of the ankle, 
which may occur as a consequence of a heavy fall, or 
an accident which caused multiple injuries. Results of 
the National Osteoporosis Risk Assessment (NORA) 
study of 158,940 postmenopausal, 50- to 98-year-old 
women showed a positive association between a pre- 
vious wrist fracture and future osteoporosis-related 
fractures within the subsequent 3 years. Consequently, 
a previous wrist fracture can be considered as an inde- 
pendent risk factor for postmenopausal women, regard- 
less of the presence or absence of other risk factors. 



Early and correct diagnosis is essential for effective 
therapy. Reliable information concerning the state of 
bones is absolutely crucial, especially if risk factors 
are already present. The following key questions must 
be accurately answered: 

• What is the present bone mass? [Results of recent 
(and previous) measurements] 

• What is the present rate of bone loss? (Markers of 
remodelling in blood and urine) 

• Has physical damage already occurred? (Evidence 
of previous fractures on X-rays) 

• Are the changes (if present) reversible? 

The aims of clinical investigations are to: 

• Exclude a disease that can mimic osteoporosis (e.g. 
osteomalacia, myeloma) 

• Elucidate the causes of osteoporosis 

• Define the severity and topography of osteoporosis 
and determine the risk of subsequent fractures 

• Select the most appropriate form of treatment 

• Perform the baseline measurements required for the 
subsequent monitoring of any treatment given 


6.1 

Indicative Symptoms 

Back pain is one of the most frequent reasons for 
seeking medical advice, and every case of acute or 
chronic back pain must be thoroughly investigated. 
Since osteoporosis may be dormant and symptomless 
for extended periods, the onset of pain may indicate 


collapse or fracture of a vertebra. On the other hand, 
osteomalacia is characterized by widespread, early, 
systemic and severe bone pain - an important factor in 
differential diagnosis, which includes numerous other 
disorders: 

• Vertebral diseases: inflammatory, degenerative, my- 
elogenous and neoplastic 

• Extravertebral diseases: visceral, neurological, mus- 
cular, psychosomatic and neoplastic (e.g. carcinoma 
of the pancreas) 

A detailed evaluation of back pain comprises localiza- 
tion, onset, duration, continuous, intermittent, extent, 
type, intensity, sensory/motoric disturbances and re- 
sponsiveness to various stimuli and drugs. Possible 
underlying causes include: 

• Muscular contractions and tension 

• Vertebral collapse 

• Disc protrusion 

• Ankylosing spondylitis 

• Bone metastases 

• Pancreatic tumours 

• Myocardial infarction. 

Clinical history and a careful physical examination 
(Table 6.1) must include the following: 

• Loss of height 

• Posture and bearing 

• Pain on percussion of spinal processes 

• Mobility of the vertebral column 

• Presence of thoracic kyphosis or lumbar scoliosis 

• Muscle tone and contractions 

• Signs of congenital osteoporosis (e.g. blue sclerae) 


R.Bartl, B. Frisch, Osteoporosis , DOI 10.1007/978-3-540-79527-8_6, 
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Table 6.1. Medical history and physical examination in osteo- 
porosis 


Skeletal history 

Fractures, pain, deformity, 
reduced mobility, height loss 

Risk factor assessment 

Family history 

Osteoporosis, fractures, renal 
stones Age, ethnicity, weight 

Medical history 

Reproductive 

Menarche > age 15 years, 
oligo/amenorrhea, menopause 

Diseases 

Renal, GI, endocrine, rheu- 
matic, neurologic, eating, 
depression 

Surgery 

Gastrectomy, organ transplant, 
intestinal resection or bypass 

Drugs 

Glucocorticoids, anticonvul- 
sants, cytotoxic agents, hepa- 
rin, warfarin, GnRH agonists, 
lithium 

Lifestyle and exercise 

Smoking, poor nutrition and 
exercise, alcohol 

Diet and supplements 

Frequent dieting, calcium, 
vitamin D, caffeine, protein 

Current medications 

Hormones, sedatives, hyperten- 
sives, diuretics, non-prescrip- 
tion drugs 

Physical examination 

Weight loss, diarrhea 

Malabsorption, thyrotoxicosis 

Weight gain, hirsutism 

Cushing’s syndrome 

Muscle weakness 

Osteomalacia, Cushing’s syn- 
drome 

Bone pain 

Osteomalacia, fracture, malig- 
nancy, hyperparathyroidism 

Tooth loss 

Hypophosphatasia 

Joint and lens dislocation 

Collagen disorders 

Skin pigmentation, stria 

Mastocytosis, Cushing’s syn- 
drome 

Nephrolithiasis 

Hypercalcuria, primary hyper- 
parathyroidism 


Acute back pain in osteoporosis is caused by sud- 
den collapse or fracture of a vertebra. Patients often 
report having heard a snapping or cracking sound in 
the back. In contrast, chronic pain in osteoporosis is 
due to inability of the axial skeleton to match up to 
the demand made on it by muscles, joints and extremi- 
ties. The following questions should be answered to 
make the most comprehensive diagnosis of the pain 


syndrome: location, nature, timing, radiation and se- 
verity of the pain, as well as factors that make the pain 
worse. Neurological features such a persistent nerve 
root pain or spinal cord syndromes are rare. The mas- 
sive spinal shrinkage in osteoporosis (>4 cm) is mostly 
a consequence of the collapse of one or more of the 
thoracic vertebrae, but the distance from foot to hip 
remains constant. Other reasons for moderate decrease 
in height are poor posture, disk deterioration and mus- 
cle weakness. Loss of height can be approximated 
from the difference between the standing height and 
the arm span; loss of height occurs only in the spine, 
with hip-to-heel length remaining constant (Fig. 6.1). 
When the height of the lumbar spine is reduced, the 
ribs may come to rest painfully on the bones of the 
pelvic girdle. A distinctly longer arm span indicates 
the degree of vertebral bone damage. Loss of height 
also entails characteristic folds in the skin of the back 



Fig. 6.1. Changes in stature and posture due to generalized 
osteoporosis 
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(“ Christmas tree phenomenon ”), as well as a for- 
ward-bulge of the abdomen (“ osteoporosis tummy”). 
Moreover, the decrease in height of the vertebral bod- 
ies results in painful contact between the spinal pro- 
cesses (“ Baastrup syndrome” or “kissing spine”). The 
body’s centre of gravity is displaced forward, so that 
movements during walking become slow and unsure, 
with small steps to avoid transmitting shocks to the 
vertebral column. The resulting faulty weight-bear- 
ing in turn gives rise to arthroses of the knee joints 
(gonarthrosis). Moreover, the unsure gait carries with 
it an increased risk for falls and fractures. The collapse 
of the thoracic vertebra produces the typical “round” 
back (“ dowager’s hump”). A good way to estimate the 
degree of “hump” is to measure the distance between 
the back of the head and the wall when the patient is 
standing straight up against it. When thoracic kyphosis 
is marked, the thoracic capacity may be reduced, im- 
pairing total lung volume, respiratory efficiency and 
exercise tolerance: and the patient’s chin may come to 
rest on the sternum. 

6.2 

Osteoporosis and Teeth, Skin and 
Hair - What are the Connections? 

Metabolic osteopathies involve the whole skeleton, and 
that includes the alveolar bone supporting the teeth. 
Consequently, patients with osteoporosis frequently 
experience problems with teeth which loosen and fall 
out due to widening of the alveoli - the canals in which 
they are situated and loosening of the collagen which 
holds them in place. There is indeed evidence that loss 
of teeth may be related to skeletal bone mass. As shown 
in various studies, women with severe osteoporosis are 
three times as likely as their controls to experience 
edentulism. It is tempting to discuss a relationship be- 
tween systemic osteoporosis and residual ridge resorp- 
tion. Alveolar bone loss is also caused by periodontitis. 
Studies have shown that alveolar bone loss and colla- 
gen breakdown may be inhibited by the administration 
of aminobisphosphonates. But attention must of course 
be paid to the state of the gums. The findings of recent 
studies in patients with osteoporosis indicate that there 
is benefit in oral bisphosphonate therapy as it protects 
against periodontal bone loss and osteoporosis. The 
very small risk of developing osteonecrosis should be 


considered with due regard for the benefit in preventing 
alveolar bone loss. Almost all cases of osteonecrosis 
of the jaw bones have been reported in cancer patients 
treated with high-dose intravenous bisphosphonates, 
and in the presence of additional risk factors such as 
chemotherapy, glucocorticoids and prior dental inter- 
ventions. Poor oral hygiene might also play a part. 

There is a connection between “thin, transparent” 
skin and osteoporosis. Thin skin can be a sign of cor- 
ticosteroid drug excess or of Cushing syndrome. Thin 
skin can best be recognized on the back of the hand, 
especially when the veins are visible. However, reli- 
able conclusions about bone density cannot be drawn 
from ultrasound measurements of skin thickness. 

It is well established that greying and loss of hair is 
associated with the ageing process, as is involutional 
osteoporosis, although some studies in the 1990s also 
showed that patients with premature greying were more 
likely to have osteopenia. Moreover, if the patients were 
young (in their 20s), they were very likely to have a fam- 
ily history of osteoporosis. A case control study con- 
firmed this association in patients from 20 to 40 years 
of age by bone density measurements; but the numbers 
of these patients within the population of osteoporosis 
patients are very low. However, the more recent Rancho 
Bernardo study of greying and balding patterns and re- 
sults of bone density measurements in 1207 older men 
and women did not find a significant correlation. Never- 
theless, it is of interest in this connection that the reports 
in the literature on Werner’s syndrome, a congenital 
disorder characterized by premature ageing (progeria), 
include greying and alopecia as well as osteoporosis in 
the symptomatology of very young patients. 

6.3 

Role of Conventional X-Rays in 
Osteoporosis 

Skeletal X-rays indicate bone loss only when the den- 
sity has been reduced by 30-40%; therefore, X-rays 
are not appropriate for early diagnosis. But they are 
very useful to reveal previous fractures or compres- 
sions (Fig. 6.2). The vertebral bodies exhibit various 
changes in shape which occur when the cancellous 
bone is resorbed while the cortex remains intact. Loss 
of trabecular bone occurs in a predictable pattern. The 
non-weight-bearing trabeculae are resorbed first and 
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Incident Clinical Hospitalization 

vertebral attention 

fractures 


Fig. 6.2. Overall outcome of vertebral fractures. (Data from 
Cooper C, Atkinson E, O’Fallon W et al. [1992] Incidence of 
clinically diagnosed vertebral fractures: a population-based 
study in Rochester, Minnesota, 1985-1989. J Bone Miner Res 
7:221-227) 


ful criterion is the ballooning of the intervertebral 
spaces, an indication of the incipient compression of 
the roof and ground plates (biconcavity of the verte- 
brae). Schmorl’s nodes, which are caused by protru- 
sions of the intervertebral disk into the vertebral body, 
are common in osteoporosis, although not pathogno- 
monic. The criteria used to suggest the presence of 
osteoporosis on lateral X-rays of the spine include: 

• Increased radiolucency 

• Prominence of vertical trabeculae 

• Presence of reinforcement lines 

• Thinning of the vertebral endplates 

• Presence of compression fractures 

For a semiquantitative evaluation of vertebral deformi- 
ties, Genant has published a grading scheme based on 
reductions of the anterior, middle or posterior height 
of vertebral bodies (Fig. 6.4): 


Grade 0 
normal 


therefore the vertebral bodies typically show a rarefac- 
tion of the horizontal trabeculae accompanied by a 
relative accentuation of the vertical trabeculae (“ver- 
ticalization”, “vertical striation ”) (Fig. 6.3) and the 
presence of reinforcement lines. Furthermore, the cor- 
tical rim of the vertebral bodies are accentuated, while 
the vertebral bodies demonstrate a “picture frame ”, 
“empty box ”, “ghost-like” appearance. Another use- 


Grade 1 
mild deformity 
20-25% reduction 
of any vertebral height 



Fig. 6.3. Vertical striation of a vertebral body in osteoporosis 



Grade 2 

moderate deformity 
25-40% reduction 
of any vertebral height 



Grade 3 

severe deformity 
>40% reduction 
of any vertebral height 


Fig. 6.4. Grading scheme for a semiquantitative evaluation of 
vertebral deformities, according to Genant 
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• Grade 0: normal 

• Grade 1: mild deformity, 20-25% reduction of any 
vertebral height 

• Grade 2: moderate deformity, 25-40% reduction of 
any vertebral height 

• Grade 3: severe deformity, >40% reduction of any 
vertebral height 

From this semiquantitative assessment a “spinal frac- 
ture index ” (SFI) can be calculated as the sum of all 
grades assigned to the vertebrae divided by the number 
of the evaluated vertebral bodies. 

Roentgenograms of the thoracolumbar region in 
lateral projection serve two other useful clinical pur- 
poses: 

• Identification of disk degeneration and osteoarthritis 
(Fig. 6.5), which often cause back pain and thus 
indicate a different treatment. 

• Clarification as to why some patients with known 
severe osteoporosis may have relatively “normal” 
bone mineral density. Callous formation, degen- 
erative disks, osteoarthritis and calcification of the 



Fig. 6.5. Degenerative disk with spondylarthritis 


overlying abdominal aorta (Fig. 6.6) may artificially 
increase bone density measurement. 

It should be emphasized that conventional X-rays of 
the vertebral column are indispensible in the investi- 
gation of secondary osteoporoses. Characteristic find- 
ings are observed in the following conditions: 

• Degenerative -inflammatory conditions of the joints : 
Subchondral scleroses with osteophytes or even 
more extensive ossifications are typical for spondy- 
larthrosis and spondylitises. 

• Osteomalacia : “Stout” trabeculae and “Looser’s 
zones” at painful weight-bearing parts of the extremi- 
ties are characteristic (Fig. 6.7). However, these must 
be differentiated from osteoporotic fatigue fractures. 
A bone biopsy in these circumstances provides an 
unequivocal demonstration of osteomalacia. 

• Malignant bone lesions : Even a slight possibility 
that a bone lesion is due to a malignant process re- 
quires immediate clarification by imaging techniques. 
Magnetic resonance imaging (MRI) is the method of 
choice in many cases - for example in multiple my- 
eloma or suspected metastases in mammary cancer. 



Fig. 6.6. Calcification of the abdominal aorta with “picture 
frame” appearance of the vertebral bodies 
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Fig. 6.7. Looser’s zone in the weight-bearing part of the right 
femur, in osteomalacia 


• Hyperparathyroidism (HPT): Primary and second- 
ary HPT show similar features on radiology, with 
the addition of a disturbance of mineralization in 
many cases of renal osteodystrophy. In advanced 
stages there are also pseudocystic clarifications, but 
the cancellous bone is thicker than in osteoporosis. 
The vertebra shows a “rugger-jersey-spine” caused 
by attenuation of the central areas and thickening of 
the end plates of the vertebral bodies. 

• Fluorosis : The vertebral bodies become completely 
sclerotic (like marble) with osteophytes and ossi- 
fication of the vertical bands in the later stages of 
fluorosis. This is rarely seen today in the US and 
Europe, as other therapies are now given, but may 
still be seen in Asian and other countries, such as 
India where many people were previously treated 
with fluoride and where it is still in use in some parts 
of the country today. In general, lateral radiographs 
of the thoracic and lumbar spine should be taken in 


any patient in whom a vertebral fracture is suspected 
clinically. Clinical suspicion is heightened by new or 
worsening back pain, height loss of more than 4 cm 
and by prominent thoracic kyphosis. A vertebral 
fracture causes approximately 1 cm loss of height. 
However, after about the age of 50, women and 
men tend to lose height slowly as a result of thinner 
intervertebral discs and loss of muscle tone in the 
back. The chance of detecting a vertebral fracture 
increases with the increase in the degree of height 
loss. Moreover, radiographs are also significant in 
evaluation of bone and joint disorders in many other 
skeletal sites, for example the wrist and hand. 


6.4 

Other Useful Imaging Techniques 

Morphometry ( morphometric X-ray absorptiometry, 
MXA) of the vertebral bodies: X-rays of the thoracic 
and lumbar spine are taken and the size and contours of 
the vertebral bodies are measured by means of an au- 
tomated computer programme. All similar techniques 
in use measure the following parameters: the height 
of the anterior (Ha), medial (Hm) and posterior (Hp) 
sides of the vertebral body. A 15% or 4 -mm reduction 
in height signifies compression of the vertebral body. 
Two examples of evaluation of the vertebrae are: 

• “Vertebral Deformation Score ” (VDS) according 
to Kleerekoper: This programme also provides the 
fracture angle, projected surface area of the verte- 
bral bodies and intervertebral space. Six points are 
utilized to calculate the deformities of the vertebral 
bodies. A simple definition of a fracture is the 25% 
definition: a difference in height of 25% from one 
measurement to the next. The VDS score is calcu- 
lated according to the extent of the compression, 
i.e. VDS 0-3, where VDS 3 for example signifies a 
compression fracture effecting Ha, Hm and Hp. 

• “Spine Deformity Index ” according to Minne: This 
correlates the shape of the vertebral bodies with that 
of the 4th thoracic vertebra of the same vertebral 
column. 

“Singh Index”: The degree of rarefaction of the ten- 
sile groups in the proximal femur corresponds to the 
fracture risk in this area. Five anatomical groups of 
trabeculae can be defined which form the basis of the 


6.4 Other Useful Imaging Techniques 


61 


Singh Score. It consists of three normal stages and 
between three and four stages of increasingly severe 
osteoporosis (grades 1-7). 

Other parameters of the proximal femur : The 
length of the femoral neck (hip axial length) corre- 
lates with the fracture risk at this site independently 
of the cancellous and compact bone of the proximal 
femur. Each centimetre of increase in length doubles 
the fracture risk. The following radiological param- 
eters are useful to calculate the fracture risk in the 
proximal femur: 

• Thickness of the medial femoral shaft 3 cm below 
the trochanter minor 

• Thickness of the medial cortex at the centre of the 
femoral neck 

• Femoral head width 

• Intertrochanteric region width 

• Acetabular bone width 

Vertebral fracture assessment (VFA)\ Dual-energy 
X-ray absorptiometry (DXA) can also be used to vi- 
sualize lateral images of the whole spine to detect 
deformities and fractures of the vertebral bodies. This 
technique involves less radiation and is less expensive 
than a conventional X-ray examination. VFA has a 
sensitivity and specificity of about 90% for the de- 
tection of grade 2 and 3 fractures, according to the 
semiquantitative method of Genant. 

Three-dimensional X-ray absorptiometry (3D-XA) 
allows 3D reconstruction of bones from DXA scans 
and the direct measurement of geometric parameters 
of the vertebrae with accuracy and precision; these pa- 
rameters include the heights, depths and volumes of 
the vertebral bodies. This technique has the advantage 
of a lower radiation dose and of greater availability 
than CT scanners. Such a technique also enables direct 
measurement of the bone density and bone size with 
minimal radiation, and therefore is most suitable for 
the follow-up and monitoring of children. 

Microradioscopy : To detect relatively early radio - 
graphic signs of osteoporosis, methods such as mag- 
nification radiography and radiogrammetry have been 
developed for application to the appendicular skel- 
eton. Magnification radiography is a technique used 
to obtain finely detailed radiographs of the hands. 
Radiogrammetry of the metacarpals is a reproducible 
method used to determine the cortical thickness of a 
bone. This method is inexpensive and readily carried 
out, but does not detect early osteoporosis. 


Bone scan : " m Tc-Fabelled bisphosphonate is used 
to detect focal bone lesions (Fig. 6.8) and fractures. The 
whole skeleton can be scanned quickly by this method. 
Foci of increased uptake in the spine indicate fractures 
as well as degenerative, inflammatory or neoplastic le- 
sions. At 2 days after a fracture, an increased uptake at 
the site can be expected. However, because of the lim- 
ited structural details, additional imaging techniques 
are required for further identification. 

Computed tomography (CT)\ This technique is 
particularly good for the analysis of bones (Fig. 6.9), 
and therefore it is now also applied for the demonstra- 
tion of the cancellous bone. However, this can only be 
done with modern high resolution instruments using 
sections 0.5 -mm thick, together with special picture 


w 



focus of increased intake in 
one foot in a patient with 
Paget’s disease of bone 
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Fig. 6.9. Fractures of the pelvic girdle demonstrated on CT 


enhancing facilities, but at the cost of higher exposure 
to radiation. The value of CT lies in the quantitative 
CT (QCT), which will be discussed later. 

Magnetic resonance imaging (MRI): This method 
involves no exposure to radiation and is especially 
suited to the demonstration of the bone marrow. It offers 
the possibility of identifying both haematopoietic and 
fatty bone marrow, as well as inflammatory and neo- 
plastic infiltrates (Figs. 6.10 and 6.11). It is the method 



Fig. 6.10. Spondylarthritis with bone marrow oedema syn- 
drome of the whole spine, MRI 



Fig. 6.11. Nodular metastatic process in the spine in a patient 
with breast cancer and secondary osteoporosis, MRI 


of choice for demonstrating myeloma, lymphoma and 
metastases, as well as localized oedematous processes 
(transient osteoporosis and early stages of Sudeck’s 
disease). It is the ideal method to distinguish between 
an osteoporotic fracture and one due to spinal metas- 
tases. In addition, the diagnostic capability is greatly 
enhanced by the application of special gradient echo- 
sequences and the use of contrast media. 




Bone Density in Osteoporosis 



7.1 

Why Measure Bone Mineral Density? 

The early diagnosis of osteoporosis, before the occur- 
rence of fractures, can only be made by means of bone 
density measurements [bone mineral density (BMD) 
tests] (Table 7.1). These measure bone density at vari- 
ous skeletal sites and thereby enable a prediction of 
risk of later fracture. A 10% decrease in bone density 
doubles the fracture risk for the vertebral body and 
trebles it for the hip joint. If a fracture has already 
occurred, this test is used to confirm the diagnosis 
of osteoporosis and determine its degree of severity. 
BMD provides the following information: 

• Detects osteopenia and/or osteoporosis before oc- 
currence of a fracture 

• Predicts risk for later development of osteoporosis 

• Indicates the rate of bone loss - progression - in 
sequential measurements 

• Documents the efficacy or failure of therapy 

• Increases compliance of both doctor and patient 

The relation between BMD and fracture risk is well 
established (Fig. 7.1). The association between bone 
density (measured at hip and lumbar spine) and hip 
fracture is three times stronger than that between cho- 
lesterol levels and heart disease. Currently, a bone 
density measurement remains the best and most read- 
ily quantifiable method for assessing fracture risk and 
skeletal response to different treatments. 


The bone mineral content (BMC) is measured in 
grams (g), and the BMD in g/cm 2 (area) or g/cm 3 
(volumetric). The precision and accuracy of a measure- 
ment depend on: 

• Type of instrument (pencil or fan beam tech- 
niques) 

• Regular (daily) check and setting of the instrument 

• Cooperation of the patient (must keep still) 

• Exact adjustment of the instrument by the investi- 
gator 

• Degree of osteoporosis: the lower the bone mass, the 
more inaccurate the measurement! 

Dual energy X-ray absorptiometry (DXA, DEXA, 
rarely also called QDR, DPX, DER): Today DXA is the 
most completely developed, reliable and popular bone 
densitometric technique in use, the “gold standard” 
and the “reference standard” (Figs. 7.2 and 7.3a, b). It is 
versatile and can be used to assess bone mineral con- 
tent of the whole skeleton as well as of specific sites, 
especially those most vulnerable to fractures. DEXA 
was developed in the 1980s and its widespread use 
began in 1988. The skeletal site is exposed to two X-ray 
beams of different intensity, and the mineral content of 
the bone is calculated by means of computer programs 
from the amount of radiation. The technique therefore 
measures an areal density (g/cm 2 ) rather than a true 
volumetric density (g/cm 3 ) since the scan is two-di- 
mensional. A real BMD accounts for about two-thirds 
of the variance of bone strength. By using the results 
of the two measurements, the contributions of the soft 
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Table 7.1. Techniques for measuring bone mineral density (BMD) 


Method 

Precision (%) 

Accuracy (%) 

Scan time (min) 

Radiation dose 
(mrems) 

Dual-energy X-ray absorptiometry 
(DXA) 

• Lumbar spine AP 

• Lumbar spine lateral 

• Proximal radius 

• Distal radius 

• Proximal femur 

• Total body 

1-2 

3-5 

2-8 

1-3 

Quantitative computed tomography 
(QCT) 

• Lumbar spine 

• Radius 

2-10 

5-20 

10-15 

100-1000 

Quantitative ultrasound 
(QUS) 

• Calcaneus 

• Phalanges 

• Patella 


2-8 

5-10 

0 


tissue components (different quantities of muscle and 
fatty tissue) can be calculated and discarded. DXA 
can measure individual central (hip and spine) and 
peripheral (forearm) sites, and can even perform a total 
body scan (“full body DXA scanner”). 

The hip joint and the lumbar spine are routinely 
measured from the front (AP) or the side (lateral). 
The combined evaluation of these two measurements 
improves the assessment of a patient’s bone mineral 
status and the fracture prediction, especially in cases 
with anatomic variations, severe degenerative changes 


or fractures (Fig. 7.4). The measurements of the lum- 
bar spine are not confined to the vertebral bodies; they 
also include the arches and spinous processes which 
have a considerable quantity of compact bone. The In- 
ternational Society of Clinical Densitometry (ISCD) 
suggests measurement of at least two sites if possible 
and recommends that diagnosis be based on the lowest 
T-score. It suggests using the L2-L4 average measure- 
ment rather than a single vertebra if possible (Fig. 7.5). 
This has recently been revised by the recommendation 
that the total spine T-score should be used for the di- 
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Fig. 7.1. Relative risk of 
fracture according to bone 
mineral density {BMD) 
and age 
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Fig. 7.2. DXA unit for the measurement of bone density in 
the lumbar spine and hips. Note posture of patient required for 
accurate measurement 


agnosis of osteoporosis. In measurements of the hip, 
either the total hip or the femoral neck measurement 
is used, whichever is the lowest standard deviation 
(Fig. 7.6). To summarize, important advantages of 
DXA include that: 

• It is not invasive, the patient remains clothed and it 
is therefore not a burden to the patient. 

• It is very quickly carried out (5-10 min). 

• It is cost-effective. 

• It has a very low radiation dose (1-3 mrem equiva- 
lent to 1/10— l/100th of a normal X-ray film). 

• It measures those skeletal areas most vulnerable to 
osteoporosis and to fractures - the lumbar spine 
and the hips. 

• It has a documented strong gradient of risk for frac- 
ture prediction. The risk of hip fracture increases 
2. 6 -fold for each standard deviation decrease in 
BMD at the femoral neck. 

• The measurements are accurate and therefore ideal 
for follow-up and control investigations (accuracy 
error 1-10%, precision 1%). 

• It is recognized by the WHO as the standard method 
for diagnostic definition of osteoporosis. 

• It is recognized by the ESCEO and the IOF as the 
“reference standard” in the diagnosis of osteoporosis 
(2008). 

The results of the measurement of the lumbar vertebral 
bodies 1-4 are expressed separately as well as in com- 
bination, by means of which single, possibly defective 


vertebrae can be excluded. Many factors dealing mainly 
with variations in density in the spine and/or in neigh- 
bouring soft tissues can give misleading values and must 
be considered in the results. In really difficult cases, 
measurement of the lumbar spine may have to be aban- 
doned and only the bones of the hip joint measured. But 
there may also be variations in density in the proximal 
femur so that great care must be taken to measure the 
same areas in sequential investigations. The only real 
disadvantage of DXA is that everything in the selected 
area is included. Sometimes it may be difficult to de- 
cide what an ossification is due to (for example aorta, 
calcified lymph nodes or muscles, spondylophytes etc.). 
Other X-ray dense substances such as metal fasteners on 
clothes, X-ray dense contrast media or calcium tablets 
may also be included in the overall measurement. These 
“pitfalls” can be recognized and subsequently avoided 
by a prior X-ray of the skeletal area to be measured. An 
important limitation in the general application of DXA 
for diagnosis should be recognized: the presence of os- 
teomalacia will underestimate total bone mass because 
of decreased mineralization of bone. 

Recent developments in instrumentation enable lat- 
eral measurement, and by means of picture enhance- 
ment the vertebral bodies and the hip are clearly dis- 
played (Fig. 7.7). Because of its high precision, it is 
wise for premenopausal women to get a baseline DXA 
scan that can serve as a reference value to determine 
loss of bone density after the menopause. 

Guidelines for application and interpretation of the 
results of BMD measurements have just been pub- 
lished. Various review articles have also outlined the 
fundamentals of positioning, scan analysis and inter- 
pretation in clinical practice. 

Two terms, T- score and Z- score are commonly 
used to report DXA results and both of these rely on 
a standard deviation (SD) for the measurement. SD 
represents the normal variability in a measurement in 
a population: the difference between the 5th and the 
95th percentile of a group covers about 4 SDs. One SD 
of the hip or spine BMD corresponds to about 10-15% 
of the mean value. 

• Z-score is the number of SDs below (minus) or above 
(plus) the mean BMD value for people of the same 
age (“age- and sex-matched” controls). 

• T-score is the number of SDs below or above the 
mean value of BMD for young (20- to 30-year-old) 
adults (“peak bone density”). 
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Reference: AP Lumbar vertebrae 


BMD (g/cm 2 ) YAT- Value 



20 30 40 50 60 70 80 90 100 


Age (years) 


Reference: Whole left femur 


BMD (g/cm 2 ) YA T-Value 



Fig. 7.3 a, b, c. Measurement of bone density of the hip and lumbar vertebrae using the DXA method (a), subsequent discussion 
of the results with the patient (b), and DXA of the lumbar spine (L1-L4) and left hip of a male patient showing different BMD 
values in the two skeletal areas measured (c) 


Because BMD declines with age at all sites, after age 
30 the T-scores are lower than the Z-scores, and the 
differences increase with age. By definition, diagnosis 
of osteoporosis is based on a T-score of <-2.5 SD. Geo- 


graphic variations in results of BMD measurements in 
young people from different European countries have 
been noted [Network in Europe on Male Osteoporosis 
(NEMO) study] . This is obviously important for a com- 
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BMD hip (T-score) 
2 


1 


0 


-1 


-2 


-3 
-4 

-4 -3-2-10 12 

BMD lumbar spine (T-score) 

Fig. 7.4. Plot of the T- scores of total hip and lumbar spine 
(L2-L4) 

parison of results in international trials; so recommenda- 
tions have been made, such as the use of the NHANES 
Ill-based hip scores to equalize the differences. 
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Single energy X-ray absorptiometry (SXA): This 
method is still used today to measure the bones of the 
ankle because of the paucity of surrounding soft tissue. 

The peripheral assessment of bone densitometry has 
been used for many years and recommendations for its 
use, quality control and reporting were published by 
the International Society for Clinical Densitometry in 
2008 (see references). 

Quantitative computed tomography ( QCT ): This 
is an established technique to measure BMD of the 
lumbar spine and appendicular skeleton. Moreover, it 
provides cross-sectional images and therefore separate 
measurements of trabecular and cortical bone, as well 
as true volumetric mineral density in g/ cm 3 . In clini- 
cal studies, QCT has been used for the assessment of 
vertebral fracture risk. The method is usually applied 
to the spine to measure trabecular bone in consecu- 
tive vertebrae (Th L2-L4). The measurement takes 
about 20 min and has a relatively high radiation ex- 
posure of about 100-1000 mSv. The region of interest 


Fig. 7.5. DXA of the lum- 
bar spine (L1-L4). Upper 
right : note T-score of -2.5, 
a borderline value between 
osteopenia and osteoporosis. 
Lower right : positive ef- 
fect of alendronate on bone 
density with 15% increase 
after 1-year of therapy 
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Reference: total 



20 40 60 80 100 

Age (years) 

Trend: total 
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Fig. 7.6. DXA of right 
hip showing femoral neck, 
Ward’s triangle, trochanter 
and shaft. Upper right : note 
T-score of -2.0, within os- 
teopenic range. Lower right : 
positive effect of raloxifene 
on bone density with 3% 
increase after 1-year of 
therapy 



Fig. 7.7. Lateral measurement of the whole spine using a 
modern DXA machine (Lunar Prodigy Advance), in order to 
document or exclude any vertebral fractures. Note proof of a 
wedge-shaped vertebral fracture and a further fracture in the 
lumbar spine treated by kyphoplasty 


(ROI) is either manually or automatically positioned. 
QCT can be performed in single-energy (SEQCT) or 
dual-energy (DEQCT) modes, which differ in preci- 
sion, accuracy and radiation exposure. The presence of 
marrow fat in the vertebral bodies may cause an under- 
estimation of BMD by 10-15%. The values obtained 
by direct measurement and by means of a “calibration 
phantom” should not be reported as T- scores, but they 
are calculated as hydroxyapatite mass per volume: 

• Normal >120 HA/cm 3 

• Osteopenia 120-80 HA/cm 3 

• Osteoporosis <80 HA/cm 3 

Special, small instruments are used to measure bone 
density in the fingers and wrist ( pQCT ). The values 
obtained, however, cannot be considered as represen- 
tative of the skeleton as a whole, even though they 
do give accurate values for the bones measured. For 
example, cancellous bone in the radius may show os- 
teoporosis in density measurements, but may be no- 
where near that of the lumbar vertebrae or the hips. The 
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Fig. 7.8. High resolution and three-dimensional imaging CT 
for direct visualization of trabecular bone architecture 


future of computed tomography (CT) lies in the field 
of direct visualization of trabecular bone architecture 
by high-resolution and by 3D (volumetric) imaging 
(3D-CT) (Fig. 7.8). However, this development does 
entail a greater amount of radiation. 

Radiographic absorptiometry ( RA ): This technique 
determines BMD through computed analysis of hand 
radiographs. RA has proved to be a practical, inexpen- 
sive and rapid way to evaluate BMD: 

• Two posteroanterior radiographs are taken of the 
hand, one at 50 kVp and the other at 60 kVp using 
nonscreen film. 

• The films are sent to a central laboratory where they 
are digitized by a high-resolution imaging system. 

• BMD is calculated in arbitrary units using the alu- 
minium reference wedge as a calibration material. 

• RA measures both trabecular and cortical bone. 

• RA has high precision and accuracy. 

• The radiation exposure of about 100 mrems is lower 
than that of QCT but higher than that of DXA. 

• RA has high sensitivity in predicting low bone mass 
of the lumbar spine and femoral neck (90 and 82%, 
respectively). 

• Dental panoramic radiographs have also been uti- 
lized for the recognition of osteoporosis. 

RA plays an important role in paediatric osteology as 
radiographs of the hand are taken routinely in paediat- 
ric individuals for the purpose of determining skeletal 
age and development. 

Quantitative ultrasound (QUS): This is already 
used successfully in many different conditions. The 


FDA has approved QUS of bone for its diagnostic 
value in osteoporosis and in related fractures. The 
behaviour of these ultrasound waves in bone differs 
greatly from that of X-rays. Absorption, speed, re- 
flection in bone and from its surface are all measured. 
Two major parameters are used in measuring bone 
by QUS: 

• Speed of sound through bone (transit velocity, 
SOS) 

• Attenuation of sound as it passes through bone 
(broadband ultrasound attenuation, BUA dB/MHz) 

Some instruments combine SOS and BUA to formulate 
a clinical index (quantitative ultrasound index, QUI). 
The skeletal part to be measured is placed between 
the ultrasound transmitter and receiver. Consequently, 
this method is very suitable for easily accessible bones: 
calcaneus, radius, tibia and phalanges. It is currently 
accepted that the QUS results are influenced mainly 
by three parameters: 

• Microarchitecture of bone 

• Mineral constituents of bone matrix 

• Elastic modulus 

Recent studies have shown that QUS of the calca- 
neus is a predictor of hip fracture risk, independent 
of femoral BMD, and that this technology can dis- 
criminate between normal and osteoporotic subjects. 
For every SD decrease in BUA of the calcaneus, the 
risk of hip fracture increases 2-fold, comparable with 
the results of DXA. QUS is becoming increasingly 
popular because of the absence of exposure to radia- 
tion and the simplicity of application. An additional 
advantage is that the cortical and cancellous bones are 
described separately. These advantages account for the 
fact that QUS is now widely applied as a screening 
test, although it cannot yet replace DXA measure- 
ments of the spine and hips. It must be emphasized 
that normal values for the fingers using QUS do not 
rule out the possibility of a severe osteoporosis else- 
where, for example of the spine or hips. Conversely, 
if the phalanges show osteoporotic values, then this 
should be regarded as a manifestation of generalized 
osteoporosis and DXA of the lumbar spine and/or hips 
should be carried out for clarification and WHO clas- 
sification. Measurements of the fingers are especially 
indicated in patients with rheumatic disorders involv- 
ing the hands. At present, QUS is not recommended 
for the monitoring of treatment. 
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7.3 

Which Bones to Measure? 

A fundamental rule states that “the result of a bone 
density measurement applies only to the particular site 
measured”. Osteoporosis does not affect the bones of 
the skeleton to the same degree. Bones with a high 
proportion of cancellous (trabecular) bone, such as the 
vertebrae and hip bones, are the first victims and these 
bones are also the first to suffer fractures. Concor- 
dance of bone mass between different skeletal sites in 
individual patients increases in the elderly population. 
However, even in the elderly female population, mea- 
suring only the hip to make a diagnosis of osteoporosis 
(<-2.5 SD) will detect slightly less than 50% of the 
affected people, whereas measuring multiple skeletal 
sites in this population will detect nearly 80% of the 
affected people. Therefore, the lumbar vertebrae and 
hip bones are always measured according to a pre- 
cise, topographical plan. The more sites measured, the 
higher the likelihood that a diagnosis of osteoporosis 
will be made. Of course, the reverse is also true: if 
only one peripheral site is measured, there is a much 
higher probability of missing osteoporosis. The pe- 
ripheral techniques are quick and easy to use, but they 
are not appropriate for initial diagnosis or to measure 
response to therapy. 

Lumbar vertebrae are measured individually and 
together, but fractured or otherwise deformed verte- 
brae are excluded. 

Five areas are measured in the hip joint : 

• Femoral neck 

• Trochanter 

• Intertrochanteric region 

• Ward's triangle 

• Total 

Subsequently, when bone density is checked to monitor 
therapy or disease progression, it is crucial that exactly 
the same areas are measured again. 

The ankle is also a good site to measure, because 
of its content of trabecular bone and its accessibility. 
When performed using QUS, differences in rarefac- 
tion of the trabecular network along stress lines must 
be taken into account, and exactly the same area must 
be measured for subsequent monitoring. DXA does not 
have this drawback since the whole ankle is measured 
and the exact area is illustrated. 


Although in the past the radius was frequently mea- 
sured, the significance of the results is reduced because 
of the variable amounts of cancellous and cortical bone 
and because of the surrounding soft tissues. The same 
applies to pQCT and QUS of the radius. However, one 
advantage of pQCT is that the architecture of the distal 
radius is displayed. 

Worried patients frequently come into the out-pa- 
tient clinic and produce the results of density mea- 
surements of the fingers together with the diagnosis 
“severe osteoporosis with very high risk of fractures”. 
Subsequent density measurement of spine and hip 
may reveal normal values. The opposite may also oc- 
cur - normal bone density in the fingers with severe 
osteoporosis in the axial skeleton and multiple frac- 
tures of the vertebral bodies. Such situations simply 
indicate different bone density in different parts of the 
skeleton! The lesson to be drawn from this is that the 
diagnosis of generalized osteoporosis must never be 
based on the result of a peripheral bone density mea- 
surement. In addition, DXA density measurements to 
monitor therapy must always be made on the same 
skeletal site, preferably by the same instrument (DXA) 
at yearly intervals. 

Investigations of the whole skeleton to determine 
bone mineral content are only made in clinical trials. 

7.4 

Who is Due or Overdue for a BMD 
Test? 

Until recently, the diagnosis of osteoporosis was largely 
based on history, X-rays and clinical symptoms, espe- 
cially fractures. The clinical relevance of quantitative 
bone density measurements are based upon two im- 
portant assumptions: 

• That bone density is related to fracture risk 

• That treatment to increase bone mass can be ad- 
ministered. 

And indeed, with the introduction of quantitative 
techniques of bone densitometry, the diagnosis of 
osteoporosis can now already be established in the 
early asymptomatic phase of the disease. Low bone 
density is accepted as the most important predictor 
of fragility fractures, comparable with blood pressure 
and cholesterol as reliable predictors of subsequent 
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cardiovascular disease. Nevertheless, density mea- 
surements are not yet recommended as a screening 
procedure. However, for health-conscious individuals, 
this test is just as important as other generally estab- 
lished investigations. It is cheap, simple to perform 
and facilitates subsequent diagnosis and monitoring. 
Furthermore, BMD has also been demonstrated to be 
an independent predictor of increased mortality - and 
this appears unrelated to the occurrence of fractures. 
This increased mortality with BMD loss was most 
evident with death due to coronary heart disease (ath- 
erosclerosis) and pulmonary heart disease (HR 1.3 
and 1.6, respectively, per SD decrease in BMD, p < 
0.05 for both). 

Indications for bone density measurements : The 
simplest way to determine who should have a bone 
density test is to decide in each case whether the re- 
sults will influence a clinical decision (Fig. 7.9). Any 
individual with risk factors should have a bone density 
measurement, for example a postmenopausal woman 
who does not take HRT or its equivalent, a woman with 
early menopause, a woman with a family history of os- 
teoporosis or men with decreased levels of androgens. 
According to the National Osteoporosis Foundation 
( NOF '), a BMD measurement is recommended for: 
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Fig. 7.9. Lifetime risk of hip fracture in 50-year-old Swedish 
women (modified from Kanis [2002]) 


• All women >65 years regardless of additional risk 
factors 

• All women <65 years with one or more risk fac- 
tors 

• All postmenopausal women with fractures 

• All women contemplating osteoporosis therapy and 
whose decision depends on the result of BMD 

• All women undergoing protracted hormone therapy 
(Fig. 7.10). 

Additional indications : Anyone who has a disease or 
condition or is taking certain drugs with the potential 
to induce bone loss is a candidate for a bone density 
measurement (DXA preferred): 

• Age-related decrease in height 

• Back pain of obscure origin 

• Slim smokers 

• Previous fractures 

• Diseases of joints which limit movement 

• Long-term use (>6 months) of drugs such as corti- 
sone, warfarin, heparin or anti- epileptic drugs 

• Hyperthyroidism and hyperparathyroidism 

• Post-transplantation, especially of kidney, liver, 
heart and lungs 

• Chronic diseases and operations which can lead to 
bone loss, e.g. gastric and intestinal resections 

• Anorexia nervosa 

• Chronic renal insufficiency 

• Neoplasias, pre and post therapy 

Measurements in children are problematic for a num- 
ber of reasons: 

• There are inadequate reference data for children. 

• There is a broad variability in developmental age at 
any given chronological age. 

• DXA has inherent limitations for paediatric use be- 
cause of its inability to measure the bone size in 
three dimensions. 

To ameliorate this problem, whole-body bone mineral 
content (BMC) is sometimes recommended for paedi- 
atric measurements. Also, the Z-score rather than the 
T-score is the appropriate criterion for assessing the 
bone mineral status. One appropriate use of bone densi- 
tometry in paediatric populations is serial measurement 
for the detection of change in bone mineral status. BMC 
is preferable to BMD because of the problems posed by 
changing bone size and shape during growth. 
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Fig. 7.10. Algorithm for 
diagnostic investigation and 
treatment of osteoporosis 


Bone density measurement by DXA is currently the 
only reliable method to document the effects of therapy 
on osteoporosis (“monitoring”). Decrease in the inci- 
dence of fractures is another. Moreover, annual BMD 
measurements increase the patient s compliance (al- 
though this is now less of a problem). Clinical trials 
have documented significant increases in bone density 
under therapy with bisphosphonates after 3 months in 
the vertebrae and 1-year in the hips. Bi-annual measure- 
ments should be carried out in high-risk patients, for ex- 
ample those on corticoid therapy or patients with rapid 
bone loss (as indicated by biochemical parameters). 

It should be noted that combinations of risk fac- 
tors with an imaging technique have also yielded good 
results, as shown by a study on clinical risk factors 


and heel bone ultrasound in a cohort of 12,958 elderly 
women. Results of initial studies on early prediction 
of fracture risk by using parameters of bone quality 
including micro -computed tomography (muCT) were 
more effective than DXA, and therefore also better as 
indicators for primary prevention of osteoporosis. 

7.5 

Bone Densitometry in Children - Now 
Readily Available! 

So far little attention has been paid to the analysis of 
bone mass during growth. Four current techniques are 
now employed in paediatrics: 
















7.6 BMD Measurement - Not a Scary Procedure, Nothing to be Afraid of! 


73 


• The most widely used: DXA 

• The most versatile: QCT 

• The newest: QUS 

• Under investigation: high-resolution magnetic reso- 
nance (hrMR) 

The preferred sites for scanning include the lumbar 
spine, hip, and whole body as well as peripheral sites 
such as the forearm and hand. The radiation dose is ex- 
tremely low, approximately 1 pSv for lumbar spine and 
4 pSv for whole skeleton scans. In children, the preci- 
sion ranges from 1-2.5% in most studies. Although 
various manufacturers have developed special soft- 
ware to be used in paediatrics, this software requires 
longer scanning time, making cooperation from chil- 
dren difficult. Correct positioning is also of the utmost 
importance in scanning children. Recently, leading 
manufacturers have proposed standardized software 
for measurements of the lumbar spine. The low costs, 
availability and ease of use are the main advantages 
of DXA. With respect to QUS, SOS values have been 
obtained at the calcaneus, patella and phalanges of the 
thumb, whereas BUA values in children are mainly 
obtained at the calcaneus. These measurements seem 
to be correlated more with bone size than with changes 
in the amount, density or geometry of bone. Local 
applications of these methods have also been used to 
assess bone strength in relation to muscle function in 


teenagers. Another combination is the investigation of 
bone mineral density distribution (BMD) together with 
an imaging technique which can give insights into the 
structure-function relation of the bone matrix and is 
used for fracture risk assessment as well as for moni- 
toring after therapy. This technique is also informative 
in osteogenesis imperfecta. 


7.6 

BMD Measurement - Not a Scary 
Procedure, Nothing to be Afraid of! 

Low bone mass is the most important objective predic- 
tor of fracture risk and BMD measurement is simple to 
perform for the patient. Considering that the “natural” 
exposure to radiation is about 2400 pSv, for example 
100 pSv during a transatlantic flight, then the 10 pSv 
of a DXA measurement is so low that it is the most 
suitable for monitoring. For comparison, the radiation 
doses of currently used techniques are listed: 

• X-ray, lateral lumbar spine 1000 pSv 

• QCT 100 pSv 

• DXA PA pencil beam 10 pSv 

• DXA PA fan beam 1 pSv 

• pQCT 1 pSv 

• QUS 0 pSv 


Laboratory Evaluation of Osteoporosis 



8.1 

Recommended Tests 


The parameters usually tested in blood and urine are 
within normal limits in primary osteoporosis in the ab- 
sence of co -morbidities. The significance of laboratory 
tests therefore lies mainly in recognizing secondary 
osteoporoses (Table 8.1). Consequently, the following 
“basic” laboratory screening tests should be carried 
out at diagnosis and regularly thereafter: 

• Erythrocyte sedimentation rate 

• Complete blood count 

• Calcium and phosphate (serum) 

• Alkaline phosphatase (serum) 

• Glucose (serum/urine) 

• Transaminases and gamma GT (serum) 

• Creatinine (serum) 

When the appropriate indications are present: 

• T3, T4 and TSH. 

• Oestrogen and/or testosterone levels. 

• Vitamin D metabolites. 

• Vitamin K has recently been introduced as a new 
biochemical marker. 

• Parathormone. 

• Protein electrophoresis and immunoelectrophoresis. 

It is important to note that 20% of women and up to 
64% of men with osteoporosis also suffer from dis- 
eases linked to osteoporosis (co-morbidities), hence 
the importance of the analyses listed above. 



In summary, every patient should be investigated 
according to their personal risk profile as indicated by 
medical history and lifestyle factors, which determine 
the appropriate tests and examinations. Subsequent 
management will depend on the results, i.e. whether or 
not there is osteopenia/osteoporosis, presence of co- 
morbidities, current medications etc. 


8.2 

Significance of Markers of Bone 
Turnover 

The measurements of collagen metabolism (Fig. 8.1) 
and bone turnover in daily practice are essential for the 
diagnosis and monitoring of progressive bone diseases 
such as skeletal metastases or Paget’s disease of bone 
(Table 8.2). However, bone markers cannot be used 
to diagnose osteoporosis, although they may help to 
answer some important clinical questions: 

• Predicting the future rate of bone loss (high or low 
bone turnover) 

• Predicting the risk of osteoporotic fractures 

• Monitoring response to therapy 

The metabolites of bone remodelling i.e. of resorp- 
tion and formation, as well as the products of bone 
matrix metabolism such as collagen type 1 pass into 
the blood stream and from there into the urine. These 
products can be identified biochemically and their 
levels in blood and urine indicate “high turnover” or 
“low turnover” osteoporoses (Fig. 8.2). But it should 
be noted that bone markers do not replace bone density 
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Table 8.1. Laboratory tests for the evaluation of secondary osteoporoses 


Basic tests 

Diseases 

Additional tests to include 

Complete blood count 

Malabsorption 

PTH, vitamin D, calcium (S) 
Ferritin, vitamin B12 


Multiple myeloma 

Bone marrow biopsy 
Protein electrophoresis (S,U) 


Leukaemia 

Blood smear 


Bone metastases 

PSA, Cal 5-3, CEA 

Thyroid-stimulating Hormone (TSH) 

Hyperthyroidism 

Thyroxine (T4), T3 

Glucose (S,U) 

Diabetes mellitus 

Oral glucose tolerance test 

Cortisol (S) 

Cushing's syndrome 

ACTH, dexamethasone test 


Addison's disease 

ACTH 

HIV-antibody 

AIDS 

Infection diagnosis 

HLA B-27 

Ankylosing spondylitis 

CRP 

Testosterone in men 

Hypogonadism 

SHBG, LH, FSH, Prolactin 

Calcium (S) 

Hyperparathyroidism 

PTH 


Malabsorption 

Complete blood count 


Morbus Crohn 

PTH, vitamin D 


Celiac disease 

Alkaline phosphatase, gliadin 


Osteomalacia 

PTH, vitamin D 
Alkaline phosphatase 

Alkaline phosphatase 

Chronic renal failure 

PTH, calcium, phosphate (S) 


Osteomalacia 

PTH, vitamin D 
Calcium (S) 

Protein electrophoresis 

Multiple myeloma 

Complete blood count 
Bone marrow biopsy 

Liver enzymes 

Haemochromatosis 
Alcoholic liver disease 

Iron, ferritin (S) 


Primary biliary cirrhosis 

Antibodies 

Creatinine 

Chronic renal failure 

PTH, calcium, phosphate (S) 

Histamine 24-h U 

Mastocytosis 

Bone marrow biopsy 


measurements for the diagnosis of osteoporosis. How- 
ever, these markers do provide information about 
the future risk for bone loss and fragility fractures. 
Changes in bone formation in response to therapy are 
relatively slow, starting after some weeks and reach- 
ing a plateau after several months, in contrast to bone 
resorption which decreases rapidly a few days after 
initiation of antiresorptive therapy with for example 
a bisphosphonate, and reaches a nadir a few weeks 
later. These characteristics of bone remodelling must 
be taken into consideration when evaluating the sig- 


nificance of the levels of markers of bone remodelling 
in blood and urine. However, large scale studies have 
shown that serial evaluation of markers of bone turn- 
over in the serum do identify people at highest risk of 
bone loss and osteoporosis. 

Parameters of bone formation are bone-specific 
alkaline phosphatase (bone ALP), osteocalcin and os- 
teonectin. These are produced by osteoblasts (possibly 
also by endothelial cells) and their levels in the pe- 
ripheral blood reflect osteoblastic activity. ALP is also 
produced in various tissues including liver and kidney; 
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Fig. 8.1. Intra- and extracellular collagen formation 


however, bone-specific ALP can be distinguished by 
immunoassays with high specificity. Osteocalcin (OC) 
shows a diurnal rhythm and only about 50% is released 
into the circulation, while the remaining 50% is in- 
corporated into hydroxyapatite. OC reflects total bone 
turnover, i.e. the sum of both resorption and formation. 
The serum concentrations of the C- and N-terminal 


Stress risers Perforation 



TA 

Low turnover state 


Fig. 8.2. Osteoporotic trabeculae in high- and in low-turnover 
osteoporosis 

propeptides of type I procollagen (PICP and PINC) 
reflect changes in the synthesis of new collagen, pro- 
duced by osteoblasts in bone and fibroblasts in other 
connective tissues. All the PICP and PINC produced 
are secreted into the circulation. 

Parameters of bone resorption : these consist pri- 
marily of collagen degradation products such as “cross 
links” which are released into the blood stream and 
then excreted into the urine (Fig. 8.3). They appear to 
predict the risk of hip fracture in elderly women in- 
dependently of bone density. Studies have shown that 
women with high levels of markers of bone resorption 
have about a 1.5- to 3 -fold increased risk of hip or non- 
vertebral fractures. Desoxypyridinoline and cross-link 
telopeptides of type I collagen are the two markers of 
resorption most frequently investigated. Telopeptides 
are distinguished by their terminals: amino- (NTX, 
Osteomark) and carboxy- (CTX, Crosslaps). Varia- 
tions in diurnal rhythm and the effect of meals must be 
taken into account when results of these tests are evalu- 


Table 8.2. Biochemical markers of bone turnover 


Bone resorption Bone formation 


Blood: Blood: 

Tartrate -resistant acid phosphatase (TRAP) Total or bone-specific alkaline phosphatase 

Free pyridinoline or deoxypyridinoline Osteocalcin 

N- or C-telopeptide of type I collagen Procollagen I C-and N-terminal extension peptides 

Cross-links Osteocalcin 

Urine: 

Fasting urine calcium-to-creatinine ratio 
Pyridinoline and Deoxypyridinoline 
Glycosides of hydroxylysine 
Pyridinoline and deoxypyridinoline 
N- and C-telopeptides of type I collagen 
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Fig. 8.3. Molecular structure 
and organisation of collagen 
into fibrils. Note position of 
end terminals CTX and NTX, 
used as biochemical mark- 
ers of collagen break-down 
products in the serum 


ated. Both NTX and CTX show a significant response 
to antiresorptive therapy and are currently considered 
to be the most reliable parameters of bone resorption. 
However, serum NTX concentrations are elevated in 
chronic renal failure and, of course, this must be taken 
into account, i.e. by investigation of renal function. 

Bone sialoprotein (BSP) also appears to be a sen- 
sitive marker of bone turnover. Furthermore, BSP is 
thought to play an important role in attraction and 
growth of tumour cells in the bone marrow, e.g. in 
multiple myeloma and breast cancer metastases. 

Hydroxy proline should no longer be used as a marker 
of bone metabolism because of its lack of specificity. 
Its level in the urine is influenced by the breakdown of 
collagen in sites other than the skeleton, as well as by 
dietary intake of collagen. 

Excretion of calcium in a 24 -h urinary specimen 
is also not an accurate reflection of bone resorption, 
since it depends on the renal threshold for calcium re- 
absorption and dietary calcium intake. 

Results of bone markers prior to starting a treatment 
are not useful predictors of treatment response. It is 
also not clear whether patients with high bone turnover 
are more likely to gain bone under therapy. Some stud- 
ies have demonstrated that patients with the largest de- 
creases in markers of bone resorption during treatment 
with alendronate tend to have the greatest increases in 
bone mineral density (BMD). Nevertheless, changes 
in markers during treatment must be interpreted with 
caution. The results of each patient must be compared 
with the “least significant change ” (LSC) (Fig. 8.4). 
The LSC is the minimum change that must be seen 
in an individual patient to be at least 95% sure that 


the change is “real” and not caused by biological or 
laboratory variations. The LSC is about 25% for most 
formation markers and 40-65% for most resorption 
markers. About 65% of patients treated with oestrogen 
or bisphosphonates have changes in bone resorption 
markers that are greater than the LSC. In contrast, 
raloxifene and calcitonin are associated with smaller 
changes in these markers. However, patients may ben- 
efit from a decrease in risk of fractures even if they do 
not have reductions in bone markers or improvements 
in bone density. In these cases with little or no change 
while on antiresorptive medication, it is important to 
check carefully whether: 

• The patient is taking the medication 

• The patient is taking the drug as prescribed 

• There are secondary causes of osteoporosis 



Baseline 16 28 72 


Time (weeks) 

Fig. 8.4. Response of bone markers to antiresorptive agents. A 
decrease below the least significant change (LSC) is regarded 
as statistically significant 
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Hip fracture relative risk (odds ratio) 



+ high CTX 

Fig. 8.5. The combination of a low hip bone mineral density 
(. BMD ) and a high serum CTX have a greater predictive value 
than either low hip BMD or high serum CTX alone (modified 
from Garnero et al. [1996]) 

The advantage of monitoring treatment with markers 
is that changes in levels can be observed within weeks 
of starting therapy, and evidence of its efficacy is psy- 
chologically important at a time when patients are 
most likely to discontinue their medications (Fig. 8.5). 
It is necessary to emphasize that the specimens for 
investigation should always be taken at about the same 
time of day and with the patient fasting. Furthermore, 
indices of bone turnover may show seasonal and cir- 
cadian variations. 


8.3 

Recommendations for Practical Use 
of Bone Markers 

When using bone markers one should keep in mind 
that: 

• They are not unique to bone 

• They may reflect both formation and resorption 

• They are influenced also by non-skeletal diseases 

When using bone markers in the monitoring of anti- 
resorptive therapy: 

• Always compare the same marker 

• Use only markers validated for assessing bone re- 
sorption/formation 

• Collect the samples at the same time (8.00-10.00), 
if necessary after an overnight fast 

• Keep reasonable intervals between the controls 
(about 3-6 months) 


• Use cutoff values to identify responders (-30% for 
urinary DPD, -65% for urinary NTX and CTX, - 
40% for serum bone-specific AP). 


8.4 

Potential of Bone Biopsy in Clinical 
Practice 

Many clinicians still maintain that clinical history and 
examination combined with a biochemical profile, ra- 
diology and a bone scan provide sufficient information 
in most cases to make the diagnosis of osteoporosis. 
However, the limitations of the radiologic and den- 
sitometric examinations in this disorder have been 
described in detail above and are well known and 
apply to both primary and secondary osteoporoses. It 
is therefore reasonable to take a bone biopsy (Fig. 8.6) 
under the following circumstances: 

• When the diagnosis is in doubt 

• When confirmation of a specific process is sought, 
for example metastases (Fig. 8.7), multiple myeloma, 
systemic mastocytosis, among other possibilities 

• When further categorization is required for thera- 
peutic decisions (e.g. different subtypes of renal 
osteopathy) 

• When follow-up of a specific process is necessary, 
as after therapy for osteomalacia or metastases 


Moreover, the unique attraction of a bone biopsy is 
that it allows direct visualization of both cortical and 



Fig. 8.6. Different manual trephines for bone biopsy and as- 
piration of bone marrow 
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Fig. 8.7. Extensive metastatic invasion of bone/marrow in a 
patient with metastatic breast cancer. Immunohistology 

trabecular bone and the bone cells, as well as the bone 
marrow and its constituents: haematopoiesis, mesen- 
chyme and adipose tissue. In addition, when the biopsy 
has been embedded in plastic, the histologic sections 
permit reliable identification of both calcified bone 
and osteoid (Fig. 8.8), enabling quantification of vari- 
ous morphologic parameters, i.e. “histomorphometry”. 
These measurements reflect the amount and “meta- 
bolic state” of the bone and its cells by providing infor- 
mation on both osteoclastic resorption and osteoblastic 
formation of bone. Finally the dynamics of the forma- 
tion of osteoid and its calcification can be studied by 
double-labeling with tetracycline (Fig. 8.9). 

To summarise: although bone histomorphometry 
has contributed little to the diagnosis of osteoporosis, 
it has provided unique information on the heterogene- 
ity of bone cell behaviour in osteoporosis, i.e. low turn- 
over versus high turnover states. In addition, analysis 
at the level of the basic bone remodelling unit, and 
possibly minimodelling of the trabecular bone, per- 
mits a more critical choice of therapeutic regimens in 
individual cases. In the future, there may well be more 



Fig. 8.8. Semi-thin section of a biopsy revealing increased 
extent of osteoid and dissecting osteoclasia in a patient with 
renal osteopathy. Ladewig 



Fig. 8.9. Tetracycline labeling of mineralization in osteoid 
layer. Plastic section 

widespread use of bone biopsies for the immunohis- 
tochemical demonstration of osteotropic factors and 
their receptors on bone cells. 

8.5 

When is a Bone Biopsy Indicated? 

Before dealing with this question, it should be clearly 
stated that the diagnosis of osteoporosis is based on 
clinical findings and bone density measurements. In 
addition, it should be pointed out that normal bone 
histology in an iliac crest biopsy does not exclude os- 
teoporosis elsewhere, for example in the axial skeleton. 
Nevertheless, a bone biopsy is sometimes required for 
the investigation of other bone disorders. 

Obtaining a bone biopsy nowadays is a relatively 
simple procedure and nearly always without compli- 
cations. The vast majority of bone biopsies are taken 
from the posterior iliac crest with an 8 -gauge manual 
trephine (3 -mm width). This needle technique is less 
invasive, can be performed relatively easily and is 
particularly suitable for outpatients. Manual anterior 
transilial trephines are recommended when detailed 
histomorphometric measurements of bone are neces- 
sary, but at the cost of greater invasiveness and rate of 
complications. There are a number of new improved 
biopsy needles available, as well as up-to-date tech- 
niques for processing bone biopsies from fixation and 
embedding to histology and immunohistology. These 
methods provide optimal biopsy sections for evalua- 
tion of the overall structure of the cortex and the tra- 
becular network, demonstration of the bone cells and 
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their activities in remodelling, distinction between 
and quantification of osteoid and calcified bone and, 
last but not least, state of the bone marrow - from the 
proportion of adipose tissue to haematopoiesis and 
mesenchyme, to the visualization of all the stages of 
differentiation of the haematopoietic cell lineages. In 
clinical trials any of these parameters can be evaluated 
quantitatively by histomorphometry. Quantitative his- 
tology of bone comprises four main types of primary 
measurement: surface, volume, thickness and number. 
Other more sophisticated parameters can be derived 
from combinations of these primary variables. 

Bone biopsies are indicated in the investigation of 
secondary osteoporoses; in these conditions they fre- 
quently provide essential information. When a distur- 
bance of mineralization is suspected, histologic evi- 
dence of undecalcified bone can be obtained by means 
of bone biopsies. In renal osteodystrophy (ROD) bone 
biopsies provide essential information required to de- 
termine the type and severity of ROD. Parathyroid 
hormone (PTH) levels in serum, though widely used, 
are not necessarily predictive of the underlying bone 
disease, which can, however, be readily assessed by 
bone biopsy. In addition, an estimation of the histo- 
logic aspects of bone and its cells enables a correlation 
with the measurable parameters of bone remodelling 
and age. Disorders of the bone marrow and suspected 
metastatic processes are additional indications. 

To summarise, a bone biopsy is no longer necessary 
for the demonstration of uncomplicated bone loss in 
primary osteoporosis; it has been replaced by the non- 
invasive BMD measurements. However, when other 
underlying causes are suspected or established, a bone 
biopsy may provide essential information. Finally, 
in trials on the therapeutic efficacy of specific, pos- 
sibly newly developed drugs, the data in a bone biopsy 
may be necessary for comprehensive evaluation. In 
this connection, a novel method of tetracycline label- 
ling allows longitudinal (i.e. sequential) evaluation of 
short-term effects of hPTH therapy, for example over 
1-month, on bone formation in a single bone biopsy. It 
has also been postulated that improvements in trabec- 
ular micro-architecture, as seen in iliac crest biopsies, 
can be correlated with increases in BMD in patients 
on teriparatide therapy. In contrast, a comprehensive 
histological analysis can also be applied to analyse ad- 
verse effects of, for example alcohol or drugs as well as 
beneficial effects of antiresorptive and osteo-anabolic 
therapies. 


8.6 

Up-to-Date Methods 

The first decade of the 21st century has witnessed 
an out-pouring of results from investigations on os- 
teoporosis, in all its different forms, using the lat- 
est technologies. In addition, various combinations 
of methods have been applied to address specific 
questions, aims and hypotheses in the investigation 
of pathogenic mechanisms, physiological processes, 
and diagnostic aspects of both primary and secondary 
osteoporoses. 

Refinements in methodology have contributed to in- 
vestigation of undecalcified bone, immunocytochemi- 
cal characterization of bone cells, as well as fluorescent 
in situ hybridization (FISH) for cytogenetic anomalies, 
demonstration of the composition of bone and bone 
matrix, as well as the structure and micro-architec- 
ture of both cortical bone and networks of trabecular 
bone from the macroscopic and microscopic to the na- 
noscale, at which level interactions of mineral crystals 
and collagen fibrils and their influence on bone qual- 
ity are investigated. Importantly, non-invasive in vivo 
assessment of the micro -architecture of bone is now 
possible and available. These techniques include high 
resolution magnetic resonance imaging (MRI), which 
involves no contrast or ionizing radiation and can be 
carried out at various anatomic sites. Quantitative 
micro -MRI (muMRI) is particularly informative with 
regard to trabecular structure, for example demonstra- 
tion of the conversion of trabecular plates to rods and 
their subsequent disconnection from the nodules. 

Micro-damage in bone can now also be detected by 
micro -computed tomography (micro-CT). The latest 
non-invasive technique for the in vivo estimation of 
induced damage accumulation in bone is non-linear 
resonant ultrasound spectroscopy (NRUS). In con- 
trast, a combination utilizing bulk staining together 
with confocal laser scanning microscopy (CLSM) 
has been used for distinguishing newly formed bone 
around ceramic implant material. 

Briefly stated, application of such techniques is 
contributing to the assessment of risk for fracture, effi- 
cacy of interventions, and preventive therapy. Methods 
for the assessment of precision in BMD measurements 
and monitoring have also been recommended. It should 
also be mentioned that various techniques have now 
been developed and applied to address specific ques- 
tions, aims and hypotheses, improve understanding 
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and detection of specific aspects of bone fragility and 

fracture-healing. To give a few examples: 

• Application of large panels of immunocytochemical 
markers to detect antigenic determinants of target 
cells. 

• Various biochemical markers of bone turnover to 
clarify pre-clinical models of osteoporosis. 

• Development of non-linear ultrasound techniques 
for characterization of in vivo bone damage in corti- 
cal and trabecular bone. 

• Micro- CT of trabecular architecture to assess role 
of microdamage formation such as the length and 
density of micro-cracks. Also, micro-CT of fatigue 
micro-damage in cortical bone, using a barium sul- 
phate contrast agent to investigate the role of micro - 
damage in bone fragility. 

• Utilization of scanning transmission microscopy , 
conventional and high resolution electron micros- 
copy (TEM & HRTEM), as well as X-ray dispersive 
spectroscopy to evaluate bone composition and pro- 
cesses of dissolution, formation and remineraliza- 
tion of bone, as well as comparison of normal bones 
with abnormal ones. 

• Sequential application of quantitative ultrasound 
“Speed of Sound ” (SOS) to clarify biological 
mechanisms in skeletal structure, development and 
function. 

• Phalangeal quantitative ultrasound can also be used 
for screening of postmenopausal women with a high 
risk of fracture. 


• Use of recently clarified biochemical markers for 
diagnostic evaluation of osteoporosis, i.e. value of 
IGF-1 as an early marker for osteopenia or osteo- 
porosis, and serum levels of free RANKL and total 
RANKL/osteoprotegerin complexes in relation to 
age and gender. 

• Preparation of osteocytic RNA from frozen bone 
for the characterization of the in vivo physiology of 
osteocytes by functional genomics. 

• In vitro studies of bone strength such as effects of 
bending to assess the part played by elastic and 
material properties in bone strength. 

• Serum levels of IGF-1 to identify young women at 
risk for osteopenia/osteoporosis. 

• Investigation of bone quality by nano -indentation, a 
technique that evaluates the mechanical properties 
of the matrix and can be carried out on very small 
samples of tissue. 

• Comparison of levels of aromatase-RNA in bone 
samples of patients with hip fractures and with os- 
teoarthritis, and possibly other disorders of bone. 

• Detailed method for RNA extraction and analysis 
after therapy with teriparatide. 

• 18F-fluoride PET demonstration of regional changes 
in parameters of bone metabolism in response to 
therapy. 

• Finally, an example from a practical therapeutic 
point of view, application of conebeam CT imaging 
(CBCT) for the detection and treatment of spinal 
metastases. 


Prevention of Osteoporosis 




Maintaining healthy bones and thereby avoiding os- 
teoporotic fractures can be achieved by the institu- 
tion of, and adherence to, a specific plan of action , a 
programme of ten specific steps for the prevention of 
loss and maintenance of the structural and functional 
integrity of the bones. These self-help measures are 
specifically intended for people who do not have osteo- 
porosis, because their implementation unequivocally 
reduces the risk of developing the disease. But there 
is one absolute condition for success of the plan (a 
sine qua non!): the individual person must have the 
willpower to start and the perseverance to continue! 
Two goals for the 21st century: 

• For the whole population - the quality of life must 
go up! 

• For the authorities - the cost of health care must 
go down! 

Note that the second is the consequence of the imple- 
mentation of the first! 


9.1 

Step 1: First of all a Calcium-Rich Diet! 

Calcium is the most important mineral for the pre- 
vention and treatment of osteoporosis (Table 9.1). An 
adult has over 1 kg of calcium in the body, 99% of 
which is in the skeleton. A fifth of total bone mass 
is calcium. 

• Prevention of osteoporosis begins in childhood. M. 
Drugay defined osteoporosis as a “paediatric dis- 
ease with geriatric consequences”. As the skeleton 
develops and grows, a calcium-rich diet provides the 
building blocks required to attain a peak bone mass 
at about 25 years. During this period, children and 
young people need about four times as much calcium 
as adults per kilogram of body weight, which means 
that 500-5000 mg of calcium should be ingested 
daily, depending on age. 

• Even weight conscious teenagers can achieve this 
goal by means of a calcium-rich, fat-poor diet com- 
posed mainly of low-fat milk, cheese and yogurt, 
bread and calcium-rich drinks such as fruit juice. 
Just one large cup of yogurt provides nearly a third 
of their daily calcium requirement. The early to 
mid teens are a critical time in bone formation, as 
demonstrated in one clinical trial which found that 
by the age of 16 young women had already reached 
about 95 % of their mothers’ premenopausal bone 
density. 

• The requirement for calcium is particularly high 
during pregnancy and lactation , totalling about 
1200-1500 mg a day. 


R.Bartl, B. Frisch, Osteoporosis , DOI 10.1007/978-3-540-79527-8_9, 
© Springer-Verlag Berlin Heidelberg 2009 
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Table 9.1. Suggested calcium intakes 


Age groups 


Amount 

mg/day 

Infants 


0-6 months 

210 


6-12 months 

270 

Children 


1-3 years 

500 


4-8 years 

800 


9-18 years 

1500 

Adults 


19-50 years 

1200 


5 1 years and older 

1500 


Pregnant and lactating women 

1500 


• It is not too late to start a bone-conscious diet even 
after the menopause , especially since there is a dra- 
matic increase in bone loss at this time. Clinical 
trials have demonstrated that 80% of postmeno- 
pausal women require more than 800 mg calcium 
daily in food, but during the perimenopausal pe- 
riod of increased resorption, the daily intake should 
be 1500 mg to prevent the drastic increase in bone 
loss. In other words, preventive measures should be 
instituted before cessation of ovarian function and 
continued thereafter. 

• Likewise, calcium intake should be adjusted to the 
decline in male sex hormones - the andropause - 
and continued indefinitely, as one of the preventive 
measures for involutional osteoporosis. 

• Recommendations for appropriate amounts of cal- 
cium, vitamin D and the other nutrients required 
for healthy bones are frequently included in overall 
dietary protocols (see for example the WHO report 
in 2003 for prevention of osteoporosis, as well as 
national reports published by official agencies of 
various countries). 

Sufficient calcium can be obtained by means of a 

“ bone-friendly ” diet (Table 9.2): 

• Milk and milk products are rich in calcium, espe- 
cially low-fat milk and hard cheeses. The harder the 
cheese, the more calcium it contains. Soft cheeses 
also frequently have supplementary calcium. Low 
fat cheeses are especially recommended. Moreover, 
lactose in milk facilitates absorption of calcium by 


Table 9.2. Major dietary sources of calcium (approximate 
values) 


Nutrient 

Calcium 

mg/lOOg 

Primary food sources of calcium 

Milk, whole 

111 

Milk, skimmed 

124 

Yoghurt 

134 

Cheese 

600-1000 

Ice cream 

120 

Secondary food sources of calcium 

Beans 

65 

Nuts 

75 

Almonds 

250 

Salmon, canned with bones 

200 

Sardines, canned with bones 

300 

Broccoli, cooked 

130 

Spinach, cooked 

160 

Rhubarb, cooked 

300 

Kale, cooked 

200 

Parsley 

100 


the gut. Some people avoid milk and dairy products 
because of several misconceptions, for example: 
Milk makes you fat! It weakens bone! It causes 
allergies ! It is full of antibiotics and hormones ! Un- 
fortunately, these people are depriving themselves 
of foods that provide important nutrients, especially 
calcium. 

• Fresh green vegetables, fruits and wheat products 
are important sources of calcium. However, it should 
be pointed out that oxalate in some vegetables in- 
hibits its absorption. Wheat products are also good 
sources of calcium except for white bread and some 
other processed varieties. Likewise, addition of 
sugar, salt, phosphate, fat and protein can substan- 
tially decrease calcium absorption (see below). 

• Mineral water. This can contribute to a positive cal- 
cium balance when the water is enriched with cal- 
cium. But the amount in each type of mineral water 
varies and may range from 10 to 650 mg/1. The exact 
amount is always stated in the label on the bottle. 

• Fruit juices'. These are particularly useful for pa- 
tients with allergies to milk or milk products, espe- 
cially if the juices have been fortified by the addition 
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of calcium. Moreover, the vitamin D in the fruit juice 
increases absorption of calcium from 30 % (milk and 
milk products) to 40%. The addition of vitamin D 
to various food products may further increase intes- 
tinal absorption of calcium. 

Calcium tablets : Additional calcium in the form of 
tablets should only be taken on medical advice. There 
are some dangers if excessive amounts of calcium are 
taken, including the possibility of kidney stones and 
adverse cardiovascular events; the results of studies 
published so far have not reached definitive conclu- 
sions but do flag cardiac health as an area of concern 
in relation to excessive calcium intake. Calcium car- 
bonate is the least expensive and most commonly used 
compound, but only some 200 mg calcium is absorbed 
when a tablet containing 500 mg calcium carbonate is 
taken. Calcium citrate has been found to dissolve more 
easily than carbonate, phosphate, lactate or gluconate, 
and has about 60 % more bioavailability in the body. 
While calcium carbonate and calcium phosphate must 
be taken with food, because gastric acid is required for 
absorption, calcium citrate can be taken with or with- 
out food. It also has the advantage of not producing gas 
or causing constipation but it is more expensive. The 
following hints may help to get the maximum benefit 
from calcium tablets: 

• A single dose should not exceed 500 mg, so the 
daily amount should be taken in divided doses as 
necessary, with sufficient fluid. 

• One dose before bedtime makes up for withdrawal 
of calcium from bone during the night. 

• Calcium should be taken with meals. Absorption in 
the gut is also improved by vitamin C as well as a 
little fat and protein together with the tablets. 

• Absorption is inhibited by foods rich in fibre and 
fat. 

• Calcium should not be taken together with iron as 
these combine to form insoluble compounds and so 
are lost to the body. This is important for patients 
taking iron supplements. 

Other useful minerals'. Numerous minerals necessary 
for the absorption of calcium and other activities in- 
clude magnesium, boron, copper, manganese, zinc, 
silicon, strontium, fluoride and phosphorus. They are 
also essential for normal growth of bones and play an 
important role in bone metabolism and turnover. The 
best way to ensure the correct balance is through a 


variety of foods, as these minerals may be dangerous 
if taken in excessively large amounts. Magnesium in 
particular is essential for bone health; below is a sum- 
mary of its actions: 

• Activates osteoblasts 

• Increases mineralization density 

• Activates vitamin D 

• Enhances sensitivity of bone tissue to PTH and ac- 
tive vitamin D 

• Facilitates the transport of calcium in and out of 
bone 

• Is highly effective for the prevention of painful 
muscle cramps 

About 60 % of magnesium is stored in bone, the rest in 
muscles and other tissues. The recommended dosages 
are 300-500 mg daily, with an appropriate calcium/ 
magnesium ratio of 2:1. Since high single doses of 
magnesium may cause diarrhoea, it is best to distribute 
the total amount throughout the day. However, there 
is little evidence that magnesium is needed to prevent 
osteoporosis in the general population. 

Taking the above recommendations into consid- 
eration must be done with adequate attention to age, 
especially the young and the old, because of their dif- 
ferent physiological functions and therefore also nu- 
trient requirements. Moreover, interactions between 
race/ethnicity and diet have also been demonstrated in 
studies of areal bone density in different populations, 
e.g. African, Hispanic and Asian Americans, as well 
as American White populations and Chinese Ameri- 
cans. However, there are still ongoing studies regard- 
ing interactions between race and diet and results are 
awaited. 

9.2 

Step 2: Ensure an Adequate Supply 
of Vitamins! 

Vitamin D promotes bone formation by improving 
intestinal absorption of calcium and phosphate and 
by stimulating maturation and mineralization of oste- 
oid - the ground substance of bone. A daily allowance 
of 400-800 IU is required for healthy bone. A daily 
15 -min sunbath would be required for an individual 
to produce an equal quantity of vitamin D by way 
of the skin. But this is not a practical option for the 
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majority of people under today’s living conditions. 
In addition, there is the fear of skin cancer caused by 
over-exposure to the sun. Moreover, the conversion of 
sunlight into vitamin D in older people is only half 
that of younger people. Consequently, a daily intake 
of 800-1000 IU of vitamin D in the form of tablets 
with meals is reasonable and cost-effective. Differ- 
ent segments in any population may have inadequate 
intakes of vitamin D and recent investigations have 
emphasized that hypovitaminosis D can be considered 
a widespread epidemic, regardless of geographical 
location at all ages and in both sexes. Therefore, take 
heed and take the supplements, and don’t join the 
deprived populations ! 

Vitamin C, another relatively new player in bone 
health, is required for maturation of collagen (cross- 
linking), it stimulates the osteoblasts and improves 
absorption of calcium. An intake of 60 mg vitamin 
C is the minimal daily requirement - enough to pre- 
vent scurvy - but not enough to reap all the possible 
benefits. The best sources are citrus fruits. Ideally, 
1000 mg should be taken daily as calcium ascorbate. 
Epidemiologic studies have shown a positive associa- 
tion between vitamin C and bone mass. There is also 
a connection between vitamin C and immunology, as 
shown by its beneficial effects in infections such as the 
common cold. 

Vitamin K is now recognized as a “new” bone-build- 
ing vitamin. Though better known for its part in co- 
agulation, it plays a significant role in the synthesis of 
osteocalcin, one of the building blocks of bone. Vita- 
min K mediates the attachment of calcium to proteins 
for their incorporation into hydroxyapatite crystals in 
bone matrix formation. Vitamin K is also required for 
fracture healing. Observational studies have shown that 
women with high intake and serum levels of vitamin 
K tend to have high bone densities, and patients who 
sustain fractures have been reported to have low serum 
vitamin K levels. Between 100 and 300 pg of vitamin K 
are required daily, taken with meals. It is produced by 
bacteria normally found in the intestinal tract (mena- 
quinone). Dark green vegetables (e.g. spinach or broc- 
coli) also contain large amounts of vitamin K (phyllo- 
quinone). Since this is a fat- soluble vitamin, it is helpful 
to consume vitamin K-rich foods with a little fat or oil. 

Vitamin A is a fat-soluble vitamin and so can be 
stored by the body. It influences the development of 
bone cells. The recommended daily allowance is 
5000 IU. 


Vitamin B 12 and folic acid are necessary for forma- 
tion as well as maintenance of healthy bones. Vitamin 
B 12 protects the bones against the effects of homocys- 
teine, the levels of which decrease with age. The rec- 
ommended daily dose of vitamin B 12 is 1 mg. 

Other elements, such as boron, are also important 
for bone health, and they require a well balanced diet, 
rich in fruits and vegetables. 

The significance of proteins and the quality of the 
proteins ingested should also not be overlooked, as 
these are essential for good quality bones. 


9.3 

Step 3: Protect the Spine 
in Everyday Life! 

Thoracic and lumbar vertebrae are composed largely 
of cancellous bone and are therefore highly suscep- 
tible to fracture - caused by the combined effects of 
a reduction in trabecular bone without a decrease in 
weight-bearing. Osteoporosis usually induces collapse 
of the upper and lower plates of the vertebrae and their 
protrusion into the vertebral bodies. When the bone 
mineral density (BMD) shows osteoporotic values, ev- 
eryday life should be adapted to ensure protection for 
the spine and hip joints (Figs. 9.1 and 9.2; Table 9.3): 

• Activity while upright : upright posture in front 
of a working surface adapted to the height of the 
worker. 

• Activity while sitting : The back of the chair should 
provide support for the spine from 15 to 12 cm above 
the seat of the chair. The spine should not be curved 
(danger of wedge fractures!). One should never stay 
in the sitting position for long, but rather get up, 
stretch and move around every now and then. 

• Load lifting and carrying : Do not bend down with a 
curved back and straight legs ! This may damage the 
lumbar discs and cause vertebral body compression. 
Instead, bend the knees, lift up the load and rise up 
keeping the spine straight. This applies especially to 
heavy objects such as crates of drinks. 

• Housework : During the daily performance of house- 
hold activities, bending or curving the spine should 
be avoided; it is better to go down on one's knees 
or to crouch. 

• Lying down and sleeping : Soft mattresses should be 
avoided, but a flexible mattress on a hard frame is 
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Fig. 9.1. Upright posture: head held high, shoulders back and 
tummy pulled in, together assure proper alignment and good 
posture 


recommended as it gives equal support to the whole 
body. Also recommended is a small flat pillow, just 
to provide support for the head and neck. 


9.4 

Step 4: Regular Physical Activity - for 
the Preservation of Strong Bones! 

With ageing there is a continuous and significant re- 
duction in axial muscle strength. Men lose as much as 
64 % and women as much as 50 % of the peak muscle 
strength in the fourth decade to the lowest muscle 
strength in the ninth decade. Bone, muscles and joints 
are all strengthened by movement. Exercise also has 
the benefit of improving flexibility and balance, and 
therefore has a positive effect, i.e. a decrease in the 
number of falls and fractures in the elderly. 

The theory that putting stress or forces of gravity 
onto the skeletal system causes it to form more bone 
is known as Wolffs law. Physical fitness ensures con- 
fidence both in locomotion and coordination. Physi- 
cal activity stimulates blood flow and stabilizes blood 
pressure which in turn decreases attacks of dizziness in 
older people, a common cause of falling. In the event of 
a fracture, anybody who exercises regularly will have 
shorter periods of pain and recovery. Training and ex- 




Fig. 9.2. Proper sitting: sitting upright with feet on the floor 
reduces stress on the spine 


ercise should be regular rather than irregular and then 
exaggerated. Comparative studies have shown that 
women who walk daily for half an hour have stronger 
bones than those who do not. The relationship between 
mechanical loading and bone strength is curvilinear, 
with a much steeper slope at very low levels of loading 
(complete immobility, weightlessness or spinal cord 
injury). Immobilized patients may lose 40% of their 
initial bone mass within a year. Studies have shown 
that standing upright for as little as 30 min each day 
prevents bone loss. However, increasing the level of 
exercise of active people results in very small gains in 
bone (about 1 % per year) (Fig. 9.3). In postmenopausal 
women, the lumbar spine BMD increased by 1.3 % per 
year for impact programs and 1 % per year for non- 
impact programs. Femoral neck BMD increased 0.5 % 
per year to 1.4 % per year in the impact and non-impact 
groups. In premenopausal women, there was no dif- 
ference in femoral neck BMD between exercise and 
control groups. A meta-analysis of fall prevention tri- 
als found a modest but significant reduction in the risk 
of falling (10 %) associated with general exercise. It is 
worth stressing that the age-related decrease in muscle 
mass and strength (sarcopenia) can be modified by ex- 
ercise and calorie restriction (if the intake is above the 
recommended amount). 

The optimal exercise regimen for preventing osteo- 
porosis and related fractures is not known. A recent 
Swedish study of randomly selected elderly women 
could not confirm an effect of previous and pres- 
ent everyday physical activity on bone mass. How- 
ever, any exercise is better than none, and consistent 
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Table 9.3. Guidelines for safe movement for osteoporotic patients 

• Proper posture and alignment when standing, sitting or walking: lift breastbone, keep head erect, look forward, keep shoul- 
ders back, gently tighten abdominal muscles, maintain small hollow in the lower back 

• Standing for a long time: point feet straight ahead, periodically switch from one foot to the other 

• Sitting: use a pillow at the small of the back, maintain upright alignment, rest feet flat on the floor or on a small footstool. 

Sit on chairs with backs, not on stools 

• Standing from a chair: move hips forward to front of the chair, shift weight over the feet leading with a lifted chest, stand 
by pushing down into the floor using leg muscles, the arm muscles can assist by pushing down on arm rests of the chair 

• Walking: hold chin in and head upright, point feet straight ahead 

• Bending: keep feet shoulder width apart, maintain straight back, bend at the hips and knees (not at the waist), avoid twisting 
and bending together, use one hand on a stable support devise 

• Lifting: keep object close to the body, first kneel on one knee and stand with the object close to the waist, use lightly packed 
plastic grocery packages with handles and carry one in each hand. Following acute vertebral fracture, limit weight to 4.5 kg 

• Tying shoes: first, sit in a chair, cross one foot over the opposite knee or rest one foot on a stool 

• Getting in and out of bed: in - sit on the edge of the bed, lean trunk towards head of bed and lower body down with the 
help of one arm, while lowering trunk to the bed, bring legs and feet on to the bed, roll on to the back with knees bent; 
reverse for getting out of bed 

• Coughing and sneezing: gently tighten abdominal muscles to support back, and place one hand on the back, or press back 
into chair or wall for support 

From “Boning up on osteoporosis: a guide to prevention and treatment”. National Osteoporosis Foundation 2003, Washington DC 


activity is associated with the greatest long-term 
benefit. Indeed, current or past activity is associated 
with a 20-60 % reduction in the rate of hip fractures 
in both women and men. Weight-bearing exercises, 
those which counteract the force of gravity, such as 
climbing mountains or stairs (instead of taking the 
elevator) and walking, running and jumping are the 
most effective in strengthening the bones. Take the 
car or the bus only when absolutely necessary! More- 


Changes in bone density (%) 



Fig. 9.3. Relationship between mechanical loading and bone 
mass. There is a greater gain in bone density at the lowest levels 
of activity than at the highest 


over, regular sport - in one form or another - im- 
proves quality of life. But it must be stated that if the 
person concerned does not enjoy a particular activity 
it will not be carried out regularly - if at all - and 
therefore the exercise, sport or activity chosen must 
be in tune with the patients’ wishes and abilities. In 
addition, it is advisable to choose a sport or activity 
which involves as many muscle groups as possible, 
as well as not causing physical complaints and pain. 
Today sport- oriented institutions and clubs offer a 
whole variety of activities in a friendly and social 
environment. There are no age limits. For the seden- 
tary or frail elderly, a program of walking, low-im- 
pact aerobics or possibly light gardening, in addition 
to muscle strengthening programs are recommended. 
Training-induced gains in strength are initially rapid 
but tend to plateau after more than 12 weeks, even 
with progressive increases in training loads. When 
correlating mechanical load with bone mass, there is 
greater gain in bone mass when starting at the lowest 
levels of activity (complete immobility to sedentary) 
than at the higher levels from moderately active to 
walking with high impact loading. Tai chi may have 
beneficial effects on balance, prevention of falls and 
non-vertebral fractures, but there is no convincing 
evidence for any influence on the prevention or treat- 
ment of osteoporosis. 


9.4 Step 4: Regular Physical Activity 
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Although exercise is usually considered with re- 
spect to muscles and bones, it also has a beneficial 
effect on a wide range of diseases associated with in- 
creased reactive oxygen species (ROS), which in turn 
may be related to osteoporosis. The diseases include: 
cardiac conditions, type 2 diabetes, rheumatoid arthri- 
tis, Alzheimer’s and Parkinson’s diseases, and various 
cancers. It would appear that exercise strengthens the 
body’s resistance to certain types of diseases. 

It has been shown that in childhood and adoles- 
cence bone responds more favourably to mechanical 
loading than at other ages, presumably because this is 
part of the period in which active growth takes place. 
A study of female tennis players showed that when 
training was started before the menarche, differences 
in bone mineral density in the humerus ranged from 17 
to 24 % compared to 8-14 % when training began after 
menarche. In 15- to 20-year-old Olympic weightlift- 
ers, the mean distal and proximal forearm BMD was 
51 and 41 % above that of the age-matched controls, 
respectively. Swimming, on the other hand, did not in- 
crease bone mass as measured by dual energy X-ray 
absorptiometry (DXA). Although elite swimmers un- 
dertake intense training programs, their BMD is simi- 
lar to that of control subjects; clearly this is because the 
water supports the weight of the body. There is some 
evidence that higher levels of bone mass and density 
attained in childhood are maintained in gymnasts, but 
whether childhood physical activity influences the rate 
or timing of adult bone loss is not known. It should be 
pointed out that there is a peak fracture incidence in 
young people: 10-14 years in girls and 15-19 years in 
boys. These fractures are not related to osteoporosis, 
but are the result of falls or trauma sustained during in- 
tense physical activity - possibly “extreme sports” and 
the fractures occur in completely healthy, well-nour- 
ished young people with no deficiencies whatsoever. 
With the right therapeutic care and management, heal- 
ing and “restitutio ad integrum” are also rapid. 

More attention must be devoted to the role of ex- 
ercise for osteoporotic patients or those who have 
already sustained fractures. Studies have shown that 
the rehabilitation of patients after hip fractures, for ex- 
ample, is frequently inadequate. Usually these patients 
show reluctance to participate in an exercise program 
because they may have pain or fear of additional frac- 
tures. This attitude must be overcome, in order to fa- 
cilitate the patient’s recovery and to prevent additional 
complications. Moreover, avoidance of any activity 


will further aggravate bone loss. Bed-bound bones 
rapidly lose bone mass, and a bed-rest study showed 
that trabecular bone was lost at a rate of about 1 % 
per week and cortical bone at a rate of about 1 % per 
month. Restoration of bone mass is much slower than 
bone loss: about 1 % per month for trabecular bone. An 
exercise program should increase the ability to carry 
out routine daily activities while minimizing the risk 
of falls or subsequent fractures. Patients with vertebral 
fractures should avoid activities that place an anterior 
load on vertebral bodies, such as back flexion exercise. 
However, studies have shown that significantly fewer 
refractures occur in patients who practice back-exten- 
sor strengthening exercises. When advising patients 
with osteoarthritis or associated conditions, patients 
who have been previously sedentary and frail elderly 
patients, physicians should consider referring the pa- 
tients to physical therapists to start with a moderate 
exercise program and for instruction in proper exer- 
cise techniques. Patients with cardiovascular diseases 
require cardiologic consultation for risk evaluation be- 
fore starting an exercise program. 

To summarize, exercise is potentially crucial for the 
prevention and reduction of osseous fragility in later 
life. The favourable effects of physical activity and 
exercise on bone strength, and on muscular strength 
and balance, apparently contribute to the 20-70 % re- 
duced risk of hip fracture among people who engage in 
regular physical activity, compared to their sedentary 
counterparts. The positive effects of exercise on falls 
and fractures have been demonstrated even in osteope- 
nic women, who are already in a high-risk category. 
Primary prevention of fragility fractures focuses on 
regular weight-bearing (high impact) activity, starting 
in childhood and continued throughout life. Manage- 
ment of an elderly individual with low bone mass and 
increased risk for falling includes lower-impact exer- 
cises designed to improve balance, lower limb strength, 
posture and gait. In this respect, brisk walking, Nordic 
pole walking, climbing up and down stairs, dancing, 
modified tennis and adult-age gymnastics can be rec- 
ommended. Among elderly persons with a high risk 
for falling, gait- stabilizing devices and external hip 
protectors are useful additions to the list of measures 
for the prevention of falls and fractures. Additionally, 
one should not forget that exercise training has gen- 
eral beneficial effects on health, as demonstrated by 
the reduction in oxidative stress levels in postmeno- 
pausal women. Exercise training also has a positive 
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effect on the actions of hormone replacement therapy 
(HRT) (even in the small doses given today) in post- 
menopausal women. 

9.5 

Step 5: No Smoking, Please! 

Every smoker has the power - in the truest sense of 
the word - to stop smoking and thereby reduce by half 
the risk of osteoporosis. Smokers have almost double 
the risk of hip fractures compared to non-smokers. 
Up to 20 % of all hip fractures are attributed to ciga- 
rette smoking. Women who smoke a pack a day have 
10% less mineral bone density at menopause than 
non-smokers. Studies have shown that smokers sus- 
tain fractures of the vertebral bodies earlier and more 
frequently than non-smokers, while fracture healing is 
delayed or prolonged (or both). Smokers also experi- 
ence menopause 1-2 years earlier than non-smokers. 

Smoking produces a number of effects harmful to 
bone: 

• Decreases production of oestrogen in women 

• Increases breakdown of oestrogen in the liver 

• Decreases production of testosterone in men 

• Reduces conversion of adrenal androgens to oes- 
trogens 

• Damages bone and bone cells by means of many 
toxic substances 

• Decreases blood flow through bone and bone mar- 
row circulations 

• Effects pulmonary function and causes decreased 
uptake of oxygen 

• Creates free radicals 

Some experts are convinced that the anti-oestrogen 
effects of smoking are enough to cancel the effects of 
oestrogen therapy in the menopause. In men, smok- 
ing causes a significant reduction in testosterone levels 
which (as in women) results in decreased mineral bone 
density, i.e. accelerated loss of bone. This loss occurs 
primarily in trabecular bone and particularly in the ver- 
tebral bodies of the spine. Moreover, smokers harbour 
a higher concentration of substances harmful to bone: 
these include cadmium, lead and other toxic substances. 
It should be noted that, although there are many suc- 
cessful programs and strategies available today to help 
people stop smoking, no one can succeed without the 
one crucial requirement - the willpower to do so ! 


9.6 

Step 6: Reduce Nutritional 
"Bone Robbers"! 

These are substances in food that require calcium 
for their metabolism, neutralization and elimination. 
These substances are usually not recognized as dam- 
aging and therefore not avoided, which enables them 
to withdraw calcium from bone and thereby increase 
bone loss unobserved. Bone robbers include the fol- 
lowing (see also Table 9.4): 

High alcohol intake : This inhibits absorption of 
important building blocks for bone and damages the 
liver, an organ required for activation of vitamin D. 
Moreover, manifest hepatic cirrhosis also causes mal- 
absorption by reducing the flow of bile. In addition, 
alcohol damages the bone cells directly. Many male 
alcoholics suffer from androgen deficiency, which in 
turn aggravates osteoporosis. Alcohol also has a nega- 
tive effect on the immature skeleton. In contrast, small 
quantities (a drink a day) have been shown to have a 
beneficial effect on bone in older women. 

Caffeine and other potentially harmful drinks : 
Caffeine acts as a diuretic causing an increased uri- 
nary excretion of calcium and magnesium. People with 
a low calcium intake are especially vulnerable to this 
loss. It would be prudent to avoid excessive intake >4 
cups daily but patients who do not - for one reason 
or another - limit their consumption of coffee, are ad- 
vised to drink a glass of milk for each cup of coffee to 
restore the calcium balance. Phosphate is the culprit 
in drinks made with cola, because the high content 
of phosphate binds calcium in the gut and thereby re- 
duces its absorption. Many medicines, including as- 
pirin and other pain relievers, diet aids and diuretics 
also have caffeine as an ingredient. On the other hand, 
tea - although also a caffeine-containing drink - is 
associated with a decrease in femoral neck fractures, 
possibly because tea contains flavonoids. 

Sugar : Consumption of sugar has increased 1000- 
fold over the past 100 years. Approximately half of the 
intake of carbohydrates consists of sugar. Furthermore, 
the metabolism of sugar in the body utilizes vitamins 
and augments the renal excretion of valuable sub- 
stances such as calcium, magnesium and other miner- 
als. In addition, sugar also inhibits uptake of calcium 
in the intestines as well as stimulating the secretion of 
acids in the stomach - another “bone robber”. In par- 
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ticular, the combination of coffee and sugar, as in very 
sweet black strong coffee or in “soft drinks” such as 
Coca Cola is a veritable “bone gobbler”. Consequently, 
it is not surprising that healthy teeth and strong bones 
are characteristic of countries with a low overall con- 
sumption of sugar. 

Salt: It has long been established that a high intake 
of salt is associated with an increased risk of high 
blood pressure and its associated disorders. In contrast 
to patients with normal blood pressure, hypertensives 
have a higher loss of calcium in the urine with its at- 
tendant risk of osteoporosis. In addition, some people 
seem to be more sensitive to the effects of salts than 
others. A sodium intake of less than 2400 mg/day is 
recommended. Every additional 500 mg of salt takes 
another 10 mg of calcium out of the bones, because 
sodium competes with calcium for reabsorption in the 
renal tubules. The latest studies have shown that limit- 
ing salt intake is directly associated with a decreased 
risk of osteoporosis. 

Proteins'. Acids, especially phosphoric and sul- 
phuric acids, are produced during the metabolism 
and breakdown of proteins. These acids must first be 
neutralized - buffered - by combining with calcium 
before they are eliminated by the kidneys; otherwise 
the body would be “acidified”. Meat protein is more 
acidic during digestion than protein from fish, dairy 
products, beans, nuts and seeds because these con- 
sist of different amino acids and different kinds of 
fatty acids. When protein intake is high while that of 
calcium is low, a “negative calcium balance” is cre- 
ated and the required calcium is mobilized from the 
bones. So, avoiding excessive protein intakes (>60 g/ 
day) will improve calcium balance and overall health. 
Vegetarians, with their low consumption of animal 
proteins, always show a positive calcium balance and 
stable bones. On the other hand, Eskimos, with their 
high intake of animal protein and low consumption 
of calcium, suffer a 20 % greater loss of bone than 
Europeans. 

Phosphate : Combined with calcium it produces 
a strong crystalline substance which gives teeth and 
bones their hardness. Ideally, one part phosphate 
should combine with one part calcium. However, our 
diet contains far more phosphate than is required. This 
in turn triggers secretion of parathormone to neutral- 
ize the excess phosphate by mobilization of calcium 
and magnesium from the bones. Meat products, soft 
drinks and many prepared “ready-to-eat” meals and 


“fast foods” contain high levels of phosphate and their 
intake should be correspondingly restricted. 

Lipids'. Prior to absorption into the blood stream 
calcium is dissolved in the acidic gastric juices and 
combined with lipids. Only in this form can calcium 
be taken up by the gastric mucosa and pass into the 
circulation. But when too much fat is present, the op- 
posite effect occurs - calcium and magnesium are 
lost and bone is also lost. The deleterious effect of 
fat on bone is illustrated by a comparison of the inci- 
dence of osteoporosis in the “low-lipid countries” of 
the Far East, with that of the USA, where it is signifi- 
cantly higher. 

Over- acidification: In actual fact, our bodies are 
swamped by acids produced by the body itself or ab- 
sorbed with food (proteins, sugars, fats) in large quan- 
tities. The acids have to be neutralized, and this is 
accomplished in the skeleton. The bones harbour a 
large quantity of alkaline salts such as calcium, potas- 
sium, sodium and magnesium, which are mobilized 
immediately to neutralize any acids in the blood. The 
connection between an acidic pH-value and osteopo- 
rosis is well-known and is taken into consideration 
in any program for the prevention of osteoporosis. 
These observations underline the importance of suffi- 
cient quantities of basic vegetables and fruits in order 
to supply the body with these alkaline substances, as 
well as with vitamins. It is clear, therefore, that veg- 
etables and fruits are required for neutralization of 
acids and milk and its products for an adequate supply 
of calcium. 


9.7 

Step 7: Strive for an Ideal 
Body Weight! 

All large osteoporosis studies have demonstrated the 
close connection between osteoporosis and low body 
weight. Underweight individuals consume insufficient 
calories and insufficient materials to maintain their 
bodies, in particular their skeletons. A low body weight 
and low muscle mass result in less stimulation of the 
bones, hence lower bone mass. Women with less body 
fat also tend to produce less oestrogen. However, obe- 
sity should not be encouraged because of its many 
harmful effects on overall health by way of the many 
possible co-morbidities, which in turn also effect the 
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bones. The best course is to aim for a weight that is 
normal for height and body build. 

Anorexia nervosa is an eating disorder triggered by 
an overwhelming fear of weight gain. It affects young 
women and disrupts the menstrual cycle, lowers oes- 
trogen levels and so inhibits a normal peak bone mass. 
Up to 50 % of patients with anorexia nervosa have low 
bone density in their lower spine. 

9.8 

Step 8: Identify Drugs that Cause 
Osteoporosis and Take Appropriate 
Steps to Counteract Them When 
Possible and Necessary! 

A comprehensive list of drugs associated with increased 
risk of osteoporosis in adults has been outlined by 
the National Osteoporosis Foundation. The most com- 
monly used groups of drugs are given in Chap. 22. 

Glucocorticoids’. Excess of exogenous glucocorti- 
coid is the most frequent cause of secondary osteopo- 
rosis. This group includes all substances derived from 
cortisone, such as prednisone and dexamethasone. 
Bone loss may be rapid, particularly in children, and 
in women over 50 years. The BMD should be mea- 
sured in all patients before starting long-term therapy 
with glucocorticoids, and subsequently every 6 months 
thereafter during the whole course of treatment. Pa- 
tients with a low bone mass or fractures should be con- 
sidered for simultaneous therapy with antiresorptive 
agents. A study on the epidemiology of glucocorticoid 
adverse events noted that these may occur even under 
low dose therapy, depending on dose and especially du- 
ration, and possibly also presence of other risk factors. 
However, short-term local application of cortisone de- 
rivatives such as ointments or sprays are not damaging 
to bone. Not all patients experience the same degree of 
bone loss even with the same or similar medications 
and amounts of the drugs. Two major factors influence 
bone loss: the quantity of drug and the length of time 
during which the medication is taken. Therefore, the 
daily dose and period of administration should be kept 
to a minimum. When prednisone is unavoidable the 
patient should be advised to stop smoking, take cal- 
cium and vitamin D tablets and undertake (or to con- 
tinue) regular sport or other physical activity. 


Thyroid hormones : These have two applications - 
to prevent the development of struma and to treat hy- 
pothyroidism. Overdosage, which might occur with 
prolonged administration, should be avoided, as this 
may also lead to osteoporosis and fractures. 

Anticoagulants’. Heparin and warfarin given over 
long periods (years) may cause severe osteoporosis, as 
shown in some studies, but not confirmed in others. 
Therefore, as with glucocorticoids, the bone density is 
taken before starting therapy and at regular intervals 
thereafter. The patient is advised on preventative mea- 
sures, while also considering co-morbidities. 

Anticonvulsants’. These include carbamazepine, 
phenytoin and barbiturates. They can damage bone 
over time and cause disturbances in mineralisation as 
well as bone loss (“osteo-poromalacia”). 

Many other medications also weaken the bones 
with prolonged use. This list includes: antidepressives, 
lithium, antibiotics, isoniazid, antacids containing alu- 
minium, cytostatic drugs and certain diuretics. 

Pain medications'. The effects on bone vary from 
none to an increased risk of fracture. Any medication 
to be taken by a patient must first be checked for its 
potential to effect bone adversely, so that precautions 
may be taken in advance. Alternatively, a different 
medication may be substituted, but of course the same 
precautions apply. 


9.9 

Step 9: Recognize Diseases Which 
Damage Bones! 

Primary chronic polyarthritis (PCP) is probably the 
most important representative of this group. Over the 
years PCP has consistently caused osteoporosis and 
fractures. Damage to bones is further aggravated by 
three additional factors: patients are treated with cor- 
ticoids, they are limited in their movements and they 
are underweight. All three factors must be addressed 
by the physician in charge. 

Chronic pulmonary diseases , especially bronchi- 
tis and emphysema caused by smoking, increase the 
risk of osteoporosis, which is further enhanced by the 
drugs often given as therapy. Chronic obstructive pul- 
monary disease (COPD) carries an increased risk of 
vertebral fractures. 


9.10 Step 10: Management of Patients Who Have Already Sustained a Fracture 
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Chronic cardiac insufficiency : This leads to in- 
creased resorption of bone because of limitations in 
mobility and secondary hyperparathyroidism. Conse- 
quently, when a heart transplant is considered, it is ad- 
visable to institute bisphosphonate therapy months in 
advance to avert the otherwise inevitable loss of bone. 

Diabetes mellitus : This in itself constitutes a consid- 
erable risk for osteoporosis. The lack of insulin causes 
an increase in bone resorption as well as a decrease 
in the production of collagen. This affects mainly pa- 
tients who are treated with oral insulin tablets. 

Inflammatory bowel disorders and gastric /intestinal 
operations', these conditions almost inevitably lead to de- 
creased absorption of calcium and vitamin D; therefore, 
particular attention must be paid to an adequate diet and 
sufficient vitamin intake, with supplements if required. 

Renal insufficiency : The pathogenesis of renal bone 
disease is complex, multifactorial and as yet incom- 
pletely understood. 


9.10 

Step 10: Management of Patients 
Who Have Already Sustained a 
Fracture 

Many reports have investigated the conditions and 
states of patients in the immediate and long-term 
post-fracture periods, and the overall conclusion was 
reached that the management of these patients could 
be much more effectively implemented with the aim 
of improving the quality of life, and most importantly 
of preventing further fractures. In fact, the Interac- 
tive Trial has recommended special nutritional and 
exercise strategies for early intervention in the post- 
fracture period, especially for older and vulnerable 
people: in particular by taking the individual risk 
profile of each patient into consideration. One retro- 
spective study of patients after vertebroplasty dem- 
onstrated that significantly fewer fractures recurred 
if the patients had participated in a targeted exercise 
program. Wide application of such programs is highly 
recommended. 

A recent follow-up study of 215 fracture patients 
has demonstrated the efficacy of such a program, and 
that the patients really took it seriously! 


Physical Activity and Exercise Programs 



10.1 

Strong Muscles Make and Maintain 
Strong Bones! 

The human body is equipped with an impressive ap- 
paratus to overcome the forces of natural gravity on 
planet earth. This apparatus consists of the bones and 
joints of the skeleton, together with the tendons and 
muscles. Moreover, the physical stimuli of pressure, 
weight, and the “push and pull” of movements - con- 
trolled and uncontrolled, sudden and slow, continuous 
and interrupted - directly stimulate the bone cells to 
form new bone and thereby increase bone mass. With- 
out adequate physical activity, 5-10% of the muscle 
mass may be lost per annum. This in turn leads to a 
decrease in bone mass. It should be noted that physi- 
cal activity is just as, if not more, important for the 
prevention of osteoporosis as medication. 

Immobilization , bed rest, spinal cord injury and a 
sedentary lifestyle inevitably induce rapid bone loss. 
The ultimate test of evaluating the effects of weight- 
bearing activity on bone occurred in space, where 
there is zero gravity. Before preventive measures 
were introduced, post-flight bone density of astronauts 
showed significant decrease in density after only 4-14 
days in outer space! 

In order to benefit the bones, exercise must be 
weight-bearing , together with special training to 


strengthen the muscles. Weight-bearing exercise is 
any type of exercise in which the bones must support 
the weight of the body against gravity. The most effec- 
tive activities are those which challenge gravity such 
as climbing, walking, jogging, running, volleyball, 
basketball and especially going up stairs. Therefore, 
use the legs and not the lift. Whoever does not manage 
at least 30 min walking daily, should at least do some 
regular exercise at home. Giving up half an hour of 
TV every day is all that it takes! The importance of 
sustained exercise, especially with high impact load- 
ing, cannot be overemphasized for the prevention of 
osteoporosis as well as for its therapy, which has been 
extensively documented in various studies. No mat- 
ter how you look at it, an effective exercise program 
takes approximately 3 h per week. Everybody should 
be able to manage that! As the age-old saying has it: 
“Where there’s a will, there’s a way!” 

Muscle strength in older individuals responds 
dramatically to resistance exercise. Strength gains 
vary from 30% to more than 100% in various muscle 
groups. Training-induced strength gains are initially 
rapid but tend to plateau after 3 months, even with 
progressive increases in training loads. Thus, mus- 
cle strength can be improved and can also be main- 
tained in older people without high-intensity training 
schedules. 

The sense or the automatic ability to keep one’s 
balance is gradually but systematically reduced from 
about 30 years onwards. However, the body is able to 
compensate, so that this deficit only becomes notice- 
able if and when other senses such as sight and hearing 
are also impaired. In osteoporotic patients, the conse- 
quences of the decreased ability to balance include falls 
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and possibly fractures. Clearly, appropriate measures 
must be taken to avoid this. Balance can be tested with 
the “ get up and go test”: Get up from a chair without 
using arms; walk several steps; turn around and walk 
back to the chair; sit without using arms. If this is ac- 
complished successfully, balance is not a problem. Ran- 
domized clinical trials have shown that exercise can re- 
duce the risk of falls by as much as 25%. Prospective 
observational studies suggest a U-shaped relationship 
of an increased risk of falls among people who are ei- 
ther very frail or sedentary, or extremely active. Trials 
have also shown that current or past physical activity is 
associated with a 20-60% reduction in hip fractures, 
but only a modest reduction in vertebral fractures. 


10.2 

The Muscle-Bone Unit and 
Sarcopenia 

Recent studies (mainly in 2008) have presented evi- 
dence that intra-uterine and post-natal growth pat- 
terns and growth are associated with body composi- 
tion later in life and this in turn with musculoskeletal 
disorders and their consequences. Most importantly, 
these include sarcopenia and osteoporosis. Moreover, 
a functional approach to densitometry has addressed 
the question of the mutual adaptation of muscle force 
with bone strength, and of how deviations of this ad- 
aptation may lead to disorders of bone, especially in 
paediatrics. Subsequently, taking into account Frost’s 
“Mechanostat Hypothesis” as well as the modifica- 
tions induced by hormonal signals, the quantified re- 
lationship between muscle force and bone strength has 
been suggested as a diagnostic parameter for distin- 
guishing between primary and secondary disorders of 
bone. Other studies have reported on the association 
between birth weight and body mass index (BMI) 
with a tendency for large babies to become obese 
adults, while a low birth weight poses a risk for later 
development of the metabolic syndrome, itself associ- 
ated with increased risk of osteoporosis. However, the 
results of many of these studies on the relationship of 
birth weight and its impact later in life on adult body 
composition still require confirmation. 

There is one aspect of the muscle-bone unit which 
has global consequences and on which there is global 
agreement: Sarcopenial Sarcopenia is the age-related 


loss of skeletal muscle mass with concomitant decrease 
in muscle strength leading to a reduction in physical 
activity, which, with advancing age, is a major cause 
of osteoporosis and other disabilities (Fig. 10.1). Sarco- 
penia is internationally recognized as a major feature 
of human senescence. The mechanisms of this muscle 
loss are still under investigation, but various aspects 
and pathways have been described. These include bio- 
chemical aspects such as reduction in myosin heavy 
chain protein synthesis, changes in hormonal and neu- 
ral activities, impaired post-traumatic regeneration, 
oxidative stress, mitochondrial abnormalities and dys- 
functions and myositic apoptosis, as well as apoptotic 
loss of single nuclei in multinucleated cells. Decrease 
in telomere length with ageing may also occur in both 
muscle and bone cells. The good news is that long-term 
training within normal limits is not associated with 
abnormal telomere shortening in muscles, and in the 
elderly regular physical activity is also not associated 
with accelerated telomere loss in muscles and also not 
in leukocytes. In contrast, a sedentary lifestyle does 
have an effect on telomere length and may accelerate 
the ageing process! So that at least is one physiologi- 
cal risk factor that can be controlled!! Just get up and 
do it! Also important is endocrine-immune dysfunction 
involving both inflammatory and other cytokines, life- 
style factors, i.e. smoking, and, most significantly, nu- 
tritional deficiencies such as inadequate dietary protein 
and vitamins, in particular vitamin D. In addition to its 
function as a major regulator of calcium homeostasis, in 
the skeletal muscle actions of vitamin D are involved in 
protein synthesis, and in the kinetics of muscular con- 
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Fig. 10.1. Cycle of falls and fractures and their main contributors 
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tractions. Clinically, vitamin D deficiency is extremely 
common in the elderly in many countries, and is as- 
sociated with neuromuscular functions and symptoms 
of osteoporosis. Recent studies have emphasized the 
positive effects of dietary supplementation, in particu- 
lar amino acids and vitamins, especially vitamin D, on 
muscle mass and strength. In contrast, moderate calorie 
restriction and exercise have favourable effects on skel- 
etal muscles, but studies have shown that an increase 
in muscle mass occurs only after resistance exercise. 
At the biochemical level, the beta-adrenergic signalling 
pathway is involved and it has been shown that beta 
agonists increase muscle mass while decreasing body 
fat. Further investigations of such pathways could iden- 
tify therapeutic targets and indicate new approaches 
to counteract the decrease in skeletal muscle mass in 
many disorders, including involutional osteoporosis 
and especially the sarcopenia of ageing. 


10.3 

Exercise Programs - Preventive 
and Restorative 

Before undertaking an exercise program at home, 

various aspects should be considered: 

• Location: a place in the home which is suitable. This 
implies that there is enough free space, without fur- 
niture or appliances with sharp edges and no loose 
carpets or slippery surfaces. 

• Clothing: use comfortable and non-restrictive cloth- 
ing. 

• Time: everyone has an individual biorhythm and 
daily schedule, so everyone should choose the most 
suitable time of day for him-/herself. 

• Company: private or public, with a friend or a group, 
or with one of the many different commercial and 
other supervised facilities available today in many 
countries. However, these may involve cost. 

• Grade of bone loss: when osteoporosis is already 
present, according to the bone density measurement 
or other imaging techniques, sports involving sudden 
or forceful movements and/or pressure on any skel- 
etal area should be avoided. Such activities include 
volleyball, squash,jogging, cricket and others. More- 
over, special care must be taken when physical activ- 
ity involves bending the spine, in particular when 
the movement tends to be uneven, i.e. tilted more to 


one side than to the other. Examples of daily activi- 
ties during which this may occur include: filling and 
emptying washing machines and driers, dishwash- 
ers, lifting heavy cartons or boxes filled with bottles 
or other containers with drinks, carrying shopping 
or other heavy objects unilaterally on the arm or 
shoulder, bending unevenly when using the vacuum 
cleaner etc. In contrast, walking, dancing and golf 
are suitable as they induce bone formation, whereas 
cycling, swimming and rowing are more suitable and 
advantageous for the vascular system and for the 
muscles than for the bones, as these exercises do not 
carry the body’s weight. Before beginning any train- 
ing program, patients with severe osteoporosis must 
consult a doctor or an authorized trainer regarding 
which kind of exercise and training they should or 
should not carry out. With improvements in the state 
of the skeleton over time, such recommendations may 
obviously be modified. 


10.4 

Implementation of a Training 
Program 

There are five aspects to consider: 

• Warming-up period before doing the exercises, 
usually 5-10 min depending on physical condition, 
slow movements using the shoulders, hip and knee 
joints. 

• Training for high-impact activities, e.g. volleyball, 
basketball or vertical jumping, risky for individuals 
with established osteoporosis! 

• Training for strength (the stronger the muscles, the 
more powerful the stimulation of bone formation). 

• Training for stretching (to avoid injuries and to im- 
prove flexibility). 

• Training for balance (to prevent falls). 

All of these can be carried out in four positions : Stand- 
ing, sitting, supine on back or supine on all four limbs. 
The specific details of training programs can be found 
in various books and manuals and, of course, are given 
by any authorized trainer of any group or organization 
attended by the patient. As mentioned in the previous 
chapter, programs for patients after the first fracture 
should not be neglected, and especially adapted pro- 
grams are required for the elderly. 
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Evidence-Based Strategies for the 
Therapy of Osteoporosis 

The major aim of therapy is the prevention of fractures. 
The properties of all ideal therapeutic agents include 
the following: the medication is well tolerated and safe 
with minimal side effects; it has oral and intravenous 
bioavailability; it has been proven to increase bone 
mass, improve bone quality and reduce fractures at 
all sites including the hip. It should be pointed out at 
the outset that there are considerable variations in both 
quality and credibility in results from randomized 
trials dealing with the efficacy of different treatment 
schedules. When results of these clinical trials are 
assessed and compared, questions and problems arise 
with respect to the following criteria: 

• Duration of the study 

• Number and age of the patients 

• Definition of exclusion criteria 

• Primary aim of the study 

• Fracture incidence versus fracture rate 

• Fractures prior to start of study 

• Definition of “fracture” 

• Definition of “control group” 


• Status of vitamin D and calcium 

• Risk profiles of the participants 

• Method and accuracy of bone density measurements 

• Differences in statistics used for analysis 

It is now possible to evaluate results of studies and 
reports of experiences in an objective and balanced 
fashion (“ evidence-based medicine ”) especially with 
reference to: 

• Meta-analysis of randomized controlled studies 

• Individual randomized controlled studies 

• Studies based on observations 

• Results of basic research 

• Results and reports of clinical experience 

• Results based on recommended guidelines, such as 
those issued by the National Institute for Health and 
Clinical Excellence (NICE) in the UK 

With the continuing worldwide acceptance of evi- 
dence-based methodology, the classification of levels 
of evidence and the grading of recommendations are 
becoming better and more widely known and form 
the basis of an effective and rational treatment of 
osteoporosis: 

Levels of evidence: 

• la From meta-analysis of randomized controlled tri- 
als (RCTs) 

• lb From at least one large RCT 

• Ha From at least one well-designed controlled study 
without randomization 

• lib From at least one other type of well-designed 
quasi-experimental study 

• III From well designed non- experimental descrip- 
tive studies 

• IV From expert committee reports or opinions 
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Grading of recommendations: 

• A Levels la and lb 

• B Levels Ha, lib and III 

• C Level IV 

When this rigorous approach of evidence-based med- 
icine is adopted, the most conclusive evidence for 


reducing fracture risk (“A class ” recommendation) 
has been shown for the following antiresorptive and 
osteoanabolic drugs (Figs. 11.1 and 11.2; Table 11.1): 

• Supplements with calcium and vitamin D 

• Therapy with alendronate, risedronate, ibandronate 
and zoledronate 

• Therapy with PTH and teriparatide 



New 

trabecula, 
new bone 



Osteoanabolic therapy 



Fig. 11.1. Changes in bone 
remodelling and bone density 
under antiresorptive and 
osteoanabolic drugs 


BMP LRP5/ (3-blockers Intermittent Mechanical Androgens 



Fig. 11.2. Physiological factors, thera- 
peutic agents and their influence on bone 
remodelling and bone mass. Physiological 
(black) and pharmacological (red) stimula- 
tors and inhibitors of bone formation and 
resorption are listed. The relative impact, 
where known, is represented by the thick- 
ness of the arrows. BMP, bone morpho- 
genetic proteins; SOST, sclerostin; LRP5, 
low density lipoprotein (LDL)-receptor-re- 
lated protein; PTH, parathyroid hormone; 
SERM, selective oestrogen-receptor modu- 
lator (modified from Harada and Rodan 
[2003]) 


1 1 .1 Evidence-Based Strategies for the Therapy of Osteoporosis 1 01 


Table 11.1. Evidence base for agents 

in the management of postmenopausal osteoporosis 


Agent 

Fracture site 




Vertebral 

Non- vertebral 

Hip 

Alendronate 

A 

A 

A 

Calcitonin 

A 

B 

B 

Calcitriol 

A 

A 

nd 

Calcium 

A 

B 

B 

Calcium+vitamin D 

nd 

A 

A 

Etidronate 

A 

B 

B 

Hip protectors 

- 

- 

A 

HRT 

A 

A 

A 

Ibandronate 

A 

A 

nd 

PTH 

A 

A 

nd 

Physical exercise 

nd 

B 

B 

Raloxifene 

A 

nd 

nd 

Risedronate 

A 

A 

A 

Strontium ranelate 

A 

A 

A 

Teriparatide 

A 

A 

nd 

Tibolone 

nd 

nd 

nd 

Vitamin D 

nd 

B 

B 

Zoledronate 

A 

A 

A 


nd, Not demonstrated; A, meta-analysis of RCTs or at least one RCT; B, well designed, controlled study or case-control, compara- 
tive or correlation studies 


• Therapy with raloxifene (SERM) 

• Therapy with strontium ranelate 

These A-recommended drugs/substances should have 
first priority in osteoporosis therapy (Table 11.2). In 


contrast, no reliable or definite data are available as 
yet for calcitonin, etidronate, fluoride and calcitriol, 
so that no conclusions could be drawn as to fracture 
risk. Thus, it has now been conclusively shown that 
the N-containing bisphosphonates (e.g. alendronate, 


Table 11.2. Large randomized controlled trials of antiresorptive therapies with fracture as an endpoint in postmenopausal women 
with osteoporosis 


Agent 

Study 

First author 
Year 

Patients (n) 

Duration 

(years) 

Primary 

endpoint 

Completers 

Age, mean 

Prevalent 

Vert.Fx 

Alendronate 

FIT 1 

Black 

1996 

2027 

1022/1005 

ALN/PLA 

3 

Vert.Fx 
-20%/4 mm 

89% ALA 
87% PLA 

55-81, 71 

0% 


FIT 2 

Cummings 

1998 

4432 

2214/2218 

ALN/PLA 

4 

Clin.Fx 
-20%/4 mm 

4272 96% 
93% ALA 
94% PLA 

54-81, 68 

0% 


FOSIT 

Pols 

1999 

1908 

950/958 

ALN/PLA 

1 

BMD 

? 

-85, 63 

? 


Liberman 

Liberman 

1995 

994 

526/355 

ALN/PLA 

8 

Vert.Fx 
-20%/4 mm 

89% 

45-80,64 

18% 
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Table 11.2. (continued) 


Agent 

Study 

First author 

Patients (n) 

Duration 

Primary 

Completers 

Age, mean 

Prevalent 



Year 


(years) 

endpoint 



Vert.Fx 

Risedronate 

VERT-NA 

Harris 

2458 

3 

Vert.Fx 

55% PLA 

-85, 69 

80% 



1999 

813/815 

RIS/PLA 


-15% 

60% RIS 




VERT-MN 

Reginster 

1,226 

3 

Vert.Fx 

54% PLA 

-85 71 

98% 



2000 

407/407 

RIS/PLA 


-15% 

62% RIS 




HIP 

McClung 

9331 

3 

HipFx 

64% 


18% total, 



2001 

5445 


Secondary: 

57% RIS 

70-79 

31% group 1 




1812/1821 


Non Vert.Fx, 

57% PLA 






RIS/PLA 


BMD 







3886 



41% RIS 

>80 





1292/1313 

RIS/PLA 



42% PLA 



Ibandronate 

BONE 

Chesnut 

2946 

3 

Vert.Fx 

66% 

69, 55-80 

94% 



2004 



(morphom- 

66% IBN 








etric) 

65% PLA 




MOBILE 

Miller 

1609 

2 

BMD 


65, 55-80 

48% 


DIVA 

2004 

1395 

2 

BMD 

81% 

66, 55-80 




Recker 


3 

Vert.Fx, 





2004 



HipFx 




Zoledronate 

HORIZON 

Black 2007 

7765 

3 

Vert.Fx, 

81% 

73, 65-89 

37% 




3889/3876 

ZOL/PLA 


HipFx 




Raloxifene 

MORE 

Ettinger 

7705 

3 

Vert.Fx 

89% 

31-80, 67 




1999 

5129/2576 


-20%/4 mm 

79% RAL 






RAL/PLA 


BMD Sec- 
ondary: 
Non Vert.Fx 

75% PLA 




MORE 1 


3002/1522 

RAL/PLA 




65 

11% 


risedronate, ibandronate and zoledronate) achieve the 
greatest reduction in fracture risk: on average 50% re- 
duction in vertebral and extravertebral fractures after 
1-year of therapy (Table 11.3). 


The concept of a placebo-controlled trial has been 
challenged on the basis that it is no longer ethical to 
place osteoporotic patients on placebo now that prov- 
en effective therapies are available. 


Table 11.3. Drugs used and approved to treat osteoporosis 



Oral daily 

Oral weekly 

Oral monthly 

Subcutaneous 

daily 

Injection 

quarterly 

Infusion 

annually 

Alendronate 

10 mg 

70 mg 





Risedronate 

5 mg 

35 mg 

150 mg 




Ibandronate 



150 mg 


3 mg 


Zoledronate 






5 mg 

Strontium ranelate 

2g 






Teriparatide 




20 gg 



PTH 




100 gg 
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11.2 

Comprehensive Approach to the 
Therapy of Osteoporosis 

Successful therapy of osteoporosis (Fig. 11.3; Table 11.4) 
includes the following aspects: 

• Treatment of pain 

• Initiation of physical activity and exercises 

• Prevention of falls 

• Adaptation of lifestyle for skeletal health 

• Bone-conscious nutrition 

• Vitamin D and calcium supplements 

• Hormone replacement therapy (HRT) for short pe- 
riods only! 


• Anti-resorptive therapy (bisphosphonates, raloxi- 
fene, calcitonin) 

• Osteoanabolic therapy (strontium ranelate, para- 
thormone) 

• Other medications (statins, growth factors, tetracy- 
clines, leptin) 

Consultation with the patient on preference for the 
administration of the chosen medication is essential 
to ensure both short- and long-term compliance. This 
is crucial for patients with co-morbidities already tak- 
ing other drugs, which in some cases might even have 
beneficial effects on the bones, such as statins. Pa- 
tients with gastrointestinal problems might prefer i.v. 


Haematopoietic 

precursors 


RANK 

c-fms 



Osteoclast 

precursor 

Oestrogen © 
SERMs © 


Lymphocyte 


©Y 

Calcitonin receptors 


RANKL 


RANK © 

TRAF2 JNK 
MTRAF6 NF-kB 

Carbonicanhydrase 

HC0 3 
CF H + 



Fig. 11.3. Diagram of 
development and activation 
of the osteoclast: illustrating 
points of potential 
therapeutic targets indicated 
by numbers (modified from 
Rodan and Martin [2000]) 
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Table 11.4. Anti-fracture efficacy of the first line drugs for postmenopausal osteoporosis when given with calcium and vitamin D, 
as derived from randomized controlled studies (updated from Kanis et al. 2008) 


First line drugs 

Effect on vertebral fracture risk 

Effect on non-vertebral fracture risk 


Osteoporosis 

Established osteoporosis 3 

Osteoporosis 

Established osteoporosis 3 

Alendronate 

+ 

+ 

NA 

+ (Including hip) 

Risedronate 

+ 

+ 

NA 

+ (Including hip) 

Ibandronate 

NA 

+ 

NA 

+ b 

Zoledronate 

+ 

+ 

+ 

+ 

HRT 

+ 

+ 

+ 

+ 

Raloxifene 

+ 

+ 

NA 

NA 

Teriparatide and PTH 

NA 

+ 

NA 

+ 

Strontium ranelate 

+ 

+ 

+ (Including hip) 

+ (Including hip) 


NA, no evidence available 

a Women with prior vertebral fracture 

b In subsets of patients only (post-hoc analysis) 


administration, as already shown in some trials such 
as the Dosing Intravenous Administration (DIVA) 
study. Preference and adherence to monthly rather 
than daily or weekly tablets have been emphasized in 
reports from various European countries. Moreover, 
adherence difficulties may soon be a thing of the past, 
with the i.v. administration of quarterly, semi-annual, 
and annual doses of, for example zoledronate. The 
individual components of the therapeutic spectrum 
given above must be tailored to the special needs and 
requirements of each patient. 

However, based on the results of the evidence-based 
medicine cited above, the following treatment strategy 
is employed in our out-patient clinic following patient 
examination, results of tests, medical history, family 
history and evaluation of personal risk profile: 

• Patients are given vitamin D and calcium supple- 
ments 

• HRT or its equivalent is discussed with each female 
patient, but is no longer advocated for treatment of 
osteoporosis alone 

• Early administration of a modern (nitrogen- contain- 
ing) bisphosphonate 

• Alternatively, administration of raloxifene, stron- 
tium ranelate or parathyroid hormone (PTH) for a 
limited period and followed by a bisphosphonate 


11.3 

Indication for Treatment - Combining 
BMD with Clinical Factors 

The WHO has defined osteoporosis as a T-score be- 
low -2.5, and osteopenia when T-scores vary between 
-1.0 and -2.5. This is a practical definition that allows 
researchers to classify degrees of low bone density 
within populations. However, from a clinical stand- 
point this definition lacks the ability to make decisions 
regarding fracture risk and treatment thresholds. The 
NORA-study of a cohort of about 150,000 postmeno- 
pausal women showed that 82% of those with frac- 
tures had T-scores greater than -2.5. Additionally, the 
Study of Osteoporotic Fractures showed that 54% of 
postmenopausal women with hip fractures did not 
have an osteoporotic T-score at the hip (as measured 
on dual-energy X-ray absorptiometry, DXA). There- 
fore, relying purely on T-scores to determine future 
fractures is inadequate and unreliable. 

There have been several attempts to combine bone 
mineral density (BMD) values with clinical risk fac- 
tors to allow clinicians to determine when to start 
specific treatment. The National Osteoporosis Foun- 
dation (NOF) has developed recommendations for 
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treatment and these guidelines have been adopted by 
many health care organizations: 

• T-score less than -2.0 

• T-score less than -1.5 with at least one major risk 
factor (e.g. personal and family history of fractures, 
smoking, propensity to injurious falls, weight below 
127 lbs/58 kg). 

In German-speaking countries, factors such as BMD 
values (only DXA method accepted), age, sex, some 
risk factors and the presence of vertebral fractures 
are taken into consideration in order to determine in- 
dications for specific drug therapy (DVO guidelines). 
Therefore, based on currently available evidence of 
fracture prevention in randomized clinical trials, there 
are at least three groups of postmenopausal women 
who should receive the highest priority for osteopo- 
rosis treatment with pharmacologic agents: 

• Patients with vertebral fractures 

• Patients with a BMD defining osteoporosis accord- 
ing to the WHO (T-score of less than -2.5 at the hip 
or the spine) 

• Patients with a T-score between -2.5 and -2.0 and 
other risk factors for fracture 


The WHO is presently attempting to define a cost 
utility analysis that will combine BMD with clinical 
risk factors for fracture in order to determine a 10- 
year absolute risk of fracture. This study may eventu- 
ally set the standard for pharmacologic therapy. Data 
regarding the fracture prevention value of initiating 
pharmacologic therapy for healthy postmenopausal 
women with T-scores between 0.0 and -2.0 are gener- 
ally lacking. Therapeutic decisions for this risk group 
must be made on a case-by-case basis, and are usually 
made by the desire of the patient to prevent further 
postmenopausal bone loss or initial fractures. One of 
the most important determinants in therapeutic deci- 
sions is accurate assessment of the individual patient’s 
fracture risk profile as emphasized in many recent 
investigations. In patients with secondary osteoporo- 
sis, for example due to a neoplasia, the potential ex- 
traskeletal benefits or disadvantages of the treatments 
required should also be considered, as already done 
for example in multiple myeloma. 


Management of Pain in Osteoporosis 



12.1 

Start with the Patient, not the 
Disease! 

Pain has been reported in up to 62% of female pa- 
tients with osteoporosis. There are various causes 
for pain in osteoporosis, including concurrent de- 
generative disk disease, osteoarthritis and vertebral 
fractures. Osteoporotic back pain is usually acute, of 
sudden onset and caused by a fracture in the lower 
thoracic or lumbar vertebrae. On examination, there 
will be a painful spot in the area of the back where 
the vertebral fracture has occurred. The muscles next 
to the spine will be very tense and painful to touch. 
This pain can last for long periods ranging from a 
few weeks to months. In all patients an X-ray of the 
affected skeletal area should be taken to demonstrate 
or rule out a vertebral fracture and to document the 
extent of destruction of bone. A bone scan may dem- 
onstrate an acute inflammation around an area of 
fractured bone and may show the fractured vertebrae 
long before a regular X-ray, because of the increased 
uptake in that area. It has further been suggested 
that covert small fractures - microfractures - due 
to mechanical stress can also cause pain. When the 
intraosseous pressure exceeds a certain level, fluid 
in the bone enters the subperiosteal space and exerts 
pressure on the nerves and induces a painful peri- 
osteal reaction. Pain during healing of a fracture 
may well be related to local release of cytokines, 
prostanoids, histamine and bradykinin into the sur- 
rounding area. 


12.2 

Acute Phase 

Before introducing measures for pain relief, the pa- 
tient’s pain should be evaluated for a drug-induced 
cause. Bisphosphonates are the agents of choice for 
most patients with osteoporosis, and although as 
many as 26% of patients taking these agents experi- 
ence some sort of bone or back pain; discontinuation 
is usually not required. For immediate treatment of 
acute pain , peripherally active analgetics are gener- 
ally administered first, as these reduce the pain faster 
and better than the centrally acting analgesics. These 
include acetylsalicylic acid, paracetamol, metamizol 
and especially non-steroidal anti-inflammatory drugs 
(NSAIDs), which act by local inhibition of prostaglan- 
dins. But these should only be taken for short periods 
of time, because of their possible harmful effects on 
the gastric mucosa, the kidney, the liver and the bone 
marrow (gastrointestinal ulcers, renal insufficiency, 
hepatotoxicity and aplastic anaemia). Especially in 
older patients the cardiovascular status may worsen 
secondarily due to overuse of these drugs. However, 
the latest in the series of anti-rheumatic drugs such as 
COX-2 inhibitors do not have these side effects. Bone 
pain can also be rapidly and effectively treated with 
bisphosphonates, which have largely replaced calcito- 
nin for this purpose. When the pain is very strong, as 
in a recent fracture, any of the medications listed above 
can be combined with a weak opiate. In cases where 
patients require large doses or a combination contain- 
ing opioids to control osteoporotic pain, a switch to an 
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opioid alone should be considered. Patients will still 
receive the analgesic effect, but without the increased 
risk of gastrointestinal bleeding and other adverse side 
effects. Caution should be used, though, as patients 
using opioid analgesics may be at higher risk for ver- 
tebral fractures secondary to falls related to the use 
of the opioids. Patients should regularly be assessed 
for risk of falls, and possibly for increased need of 
pain control, as well as for titration of maintenance 
medication. If the treatment outlined above is insuffi- 
cient, a pain expert can be consulted and the treatment 
adjusted according to the advice given. It is advisable 
to avoid muscle relaxants as they increase the risk of 
falling because of their sedative action. Bed rest is 
recommended for the acute stage, but only until the 
acute pain has subsided. Subsequently, short periods 
of careful weight-bearing alternating with exercises 
are incorporated into the daily schedule. In the acute 
stage a wet dressing with cold water is applied to pro- 
mote blood flow, while a warm-water dressing may be 
advantageous in the chronic phase. 

Additional measures include physiotherapy, deep 
breathing exercises, yoga, acupuncture, electrotherapy 
and local anaesthetics. Many people have turned to 
complementary medicine for pain relief, either in the 
form of Chinese herbs, acupuncture or acupoint injec- 
tion; the most effective sites recommended are those at 
the Jiaji points. In selected cases, orthopaedic supports 
may also contribute to alleviation of pain (Fig. 12.1a,b). 


Fig. 12.1a,b. Orthopaedic support (Spinomed active) may also 
contribute to alleviation of pain 


Acute pain caused by fracture usually resolves within 
10 weeks. A different approach is required for patients 
with cancer-induced bone pain, as numerous factors 
must be taken into consideration: age and sex of the 
patient, type and stage of the cancer, location and de- 
gree of pain, as well as type, extent and duration of 
the therapy. It is expected that a greater understanding 
of the neuro-biological mechanisms underlying can- 
cer-induced bone pain will shortly be translated into 
improved pain management. 

12.3 

Chronic Phase - Short Term 

The pain gradually eases as the fracture heals, but 
can also merge into chronic pain due to the devel- 
opment of a skeletal deformity after the fracture, as 
well as unbalanced and disproportionate strain on the 
muscles and damage to the vertebral joints. Patients 
frequently complain of nocturnal pains (reminiscent of 
Sudeck-like pains) which respond to administration of 
NSAIDs. This chronic pain may be responsible for loss 
of sleep, irritability, fear and depression, which in turn 
highlight the pain even more. Moreover, sensitivity to 
pain varies greatly between patients and each must 
be evaluated and treated individually. Many patients 
with back and leg pains induced by osteoporosis have 
turned to complementary medicine and have been re- 
lieved by acupuncture and acupoint injection at the site 
of the Jiajii point group. 

Various studies have compared the health-related 
quality of life as well as overall life satisfaction among 
elderly people who have suffered a fracture with con- 
trols who have not. The scores of the former were sig- 
nificantly lower than those of the latter, judged accord- 
ing to replies given to the questionnaires completed 
by both groups. The participation of the test group in 
social and leisure activities was significantly and inde- 
pendently lower than that of the control group without 
pain. To summarize: The first priority in all patients is 
to break the circle of pain and its consequences, and 
this is accomplished by physiotherapy and analget- 
ics, calcitonin (either subcutaneously or nasally) or 
bisphosphonates (intravenously). Other treatments to 
decrease pain in vertebral fractures include percuta- 
neous injection of artificial cement into the vertebral 
body (vertebro- and kyphoplasty). These invasive 
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methods should be reserved for those patients unable 
to achieve adequate pain control after vertebral frac- 
ture by traditional pharmacologic and non-pharmaco- 
logic therapies. Further discussion of vertebroplasty 
and kyphoplasty is provided in Chap. 23. 

12.4 

Chronic Phase - Long Term 

Once the pain has become bearable, the patient must 
be mobilized and the muscles strengthened. This is 
best accomplished by physiotherapy , special exercises 
and the ancillary measures noted above. Every patient 
should have an individualized program drawn up by 
the responsible physician in consultation with the phys- 
iotherapist. Swimming in particular, in warm or cold 
water, presents the ideal combination of relieving the 
vertebral column of weight while strengthening the 
muscles. As the pain lessens and the patient's condi- 
tion improves, more sport- oriented measures are intro- 
duced. Active training to strengthen bones and muscles 
also contributes to reduction of chronic pain. Exercises 
should be performed regularly and be adapted to the 
patient's age and general condition. The program is 
developed and taught under specialist guidance to be- 
gin with and later should be continued by the patient 
in her/his home on a regular basis. A major aim is 
the stabilization and strengthening of the muscles of 
the back - especially those of the lower thoracic and 
lumbar spine. Care must be taken to avoid exercises 
which carry an increased risk of vertebral fractures, 
especially those which flex the lumbar spine, increas- 
ing thoracic kyphosis and forward flexion. 

Low back pain is a major cause for seeking medical 
advice, and though it is frequently of musculoskeletal 


origin, additional or other causes must be ruled out 
before the assumption is made that it is due to osteo- 
porosis and treated accordingly. 

Chronic low back pain in the elderly may be ac- 
companied by structural alterations in the brain, but 
their cause and relationship to any physical function 
or dysfunction have not yet been clarified. The site and 
possible cause of the pain must be investigated as in 
any other patient. 

12.5 

Electric Potentials in Bone 

It has long been recognized that weight-bearing in- 
duces “stress lines” and thereby electric potentials in 
bone which is very important for healing and for new 
bone formation. This phenomenon is called “piezo- 
electricity” and it forms the basis for the theory that 
electrical charges constitute the impetus for bone re- 
sorption and formation. These electromagnetic fields 
in bone provide signals for neighbouring bone cells 
to “remodel” the bone according to the immediate 
need or requirement. The “trajection lines” seen in 
X-ray pictures represent these stress lines exactly. The 
compact bone is situated where the pressure points 
converge and the trabecular bone where they diverge. 
These characteristics have practical applications as 
they can be used to facilitate fracture healing as well 
as remodelling of newly-formed bone by means of a 
“magnetic field therapy ”. The physician in charge must 
check to find out for which indications this therapy has 
been approved. Examples include: 

• Delayed fracture healing 

• Pseudoarthrosis 

• Loosening of endoprosthesis 


Calcium and Vitamin D 




Calcium: A Lifelong Companion 

Calcium is the most abundant mineral in the body 
and most of it (approximately 99%) is deposited in 
bone (Fig. 13.1). There is no doubt that calcium is a 
fundamental factor in the prevention and treatment 
of osteoporosis. However, there is less agreement re- 
garding precise recommendations for appropriate cal- 
cium intake. The calcium recommendation for adults 
is about 1000 (800-1500) mg/day. The higher values 
are required by teenage girls, pregnant and lactating 
women, postmenopausal women who are not taking 
oestrogen and both men and women over age 50. 
Today, we ingest far less calcium than our ances- 
tors did. In fact, studies reveal that three-quarters 
of Americans are deficient in calcium, with an aver- 
age intake of only 500-600 mg/day in their diet. For 
adolescents and young adults, the National Institute 
of Health (NIH) consensus statement recommends 
1200-1500 mg/day of elemental calcium. 

Numerous studies have shown that a high calcium 
intake reduces postmenopausal bone loss and the risk 
of fractures, even in people who have already suffered 
fractures. Moreover, some evidence points to greater 
effectiveness of a high calcium intake perimenopaus- 


ally before the decline in oestrogen secretion by the 
ovaries has stimulated unbalanced bone resorption. 
Supplements of calcium (1000-1500 mg/day) and vi- 
tamin D alone have been shown to decrease the risk of 
fracture by 40 %! Calcium supplementation at levels of 
1000 mg/day will suppress bone breakdown, probably 
by decreasing parathyroid hormone (PTH) secretion. 
Increased calcium intake during adolescence helps to 
build up the peak bone mass, and these mineral stores 
definitely decrease the risk of osteoporosis in later 
years. While calcium by itself cannot treat or heal es- 
tablished osteoporosis, it appears to enhance the effec- 
tiveness of other treatments which inhibit resorption 
and/or promote formation of bone. In addition to cal- 
cium, sufficient protein, at least 1 g/kg body weight, 
is necessary to maintain the function of the musculo- 
skeletal system. An adequate diet, together with the 
required supplements, can shorten the duration of the 
stay in hospital of elderly patients with hip fractures. 

The best way to get sufficient calcium is to eat cal- 
cium-rich foods. Moreover, getting enough calcium 
with meals entails consumption of many other nu- 
trients at the same time. Bottled mineral waters with 
high calcium content, low-fat dairy products, green 
leafy vegetables and calcium-fortified juices will help 
to provide plenty of calcium. However, experience 
has shown that most patients do not get the required 
amount of calcium by nutrition alone. In this situa- 
tion, calcium supplements are recommended and are 
available in tablet, powder as well as in several other 
forms, each with its own advantages and disadvan- 
tages (Table 13.1): 

• Naturally derived calcium (dolomite, bone meal, 
oyster shells): this type of supplement is inexpensive 
and easy to swallow, but is harder to absorb and 
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Diet 

1000 mg 


Intestine 



Faeces 
825 mg 


Absorption 
300 mg 



ECF Ca ++ 


900 mg 
Plasma 


125 mg 
Secretion 


9825 mg 


500 mg 


500 mg 



175 mg 


Bone 



Fig. 13.1. Calcium metabolism in 
normal adults. Note distribution of 
calcium and excretion of large 
quantities in faeces and urine 


may contain significant amounts of lead and other 
toxic minerals. 

• Refined calcium carbonate is the least expensive 
form of calcium and has the highest percentage of 
elemental calcium, but is poorly absorbed. It often 
causes constipation and because it is an antacid, in 
the long run it may lead to “rebound hyperacid- 
ity” and gastric irritation. It requires acid in order 
to dissolve. Taking calcium carbonate supplements 
together with vitamin C or with meals helps to some 
extent, because that is when the acid levels in the 
stomach are at their highest. 

• Chelated calcium is calcium bound to an organic 
acid, including citrate, citrate malate, lactate, glu- 
conate and others. Although chelated calcium is 
bulkier than calcium carbonate, it dissolves easily 
and therefore may be easier to absorb. In older pa- 
tients, calcium citrate is preferred. 


Very few patients cannot take calcium, or only under 
medical supervision. Patients with hypercalcaemia, 
nephrolithiasis and renal insufficiency belong to this 
group. The following points may help in the choice of 
calcium supplements: 

• Calcium is primarily absorbed in the small intestine, 
especially in the duodenum and proximal jejunum. 
Absorption of calcium is complete within 4 h. Dur- 
ing periods of rapid skeletal growth, children absorb 
about 75 % of ingested calcium, this value decreases 
to 30% in adults. 

• Avoid taking more than 500 mg of calcium in one 
dose. Take one dose before bedtime to prevent bone 
loss at night. If more is needed, take several doses 
throughout the day. 

• Calcium supplements should be taken with meals to 
boost their absorption, which is increased by lactose 
and proteins. 


Table 13.1. Amounts of elemental calcium in calcium salts used as supplements 


Calcium salt 

Calcium mg/1000 mg calcium salt 

% Calcium 

Calcium carbonate 

400 

40.0 

Calcium phosphate tribasic 

388 

38.8 

Calcium lactate 

184 

18.4 

Calcium gluconate 

93 

9.3 

Calcium citrate 

241 

24.1 
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• Certain substances can hinder absorption of calci- 
um: foods rich in fibres and fat, zinc, iron, spinach, 
coffee, alcohol and antacids. Therefore, calcium 
should not be taken together with these. 

• Patients should be advised to aim for a calcium: 
phosphorus ratio of 2:1. The easiest way to achieve 
this is to avoid excesses of cola drinks and foods 
with phosphorus additives - check the labels before 
buying the products! 

• Calcium may interfere with certain drugs, includ- 
ing: thyroid medications, tetracycline, anticonvul- 
sants and corticosteroids. Therefore, these should 
always be taken separately. 

• There is no need to worry about development of kid- 
ney stones if the correct dosage in the suitable form 
of calcium is taken together with sufficient fluid. 

• The amount of calcium in blood and urine should be 
checked regularly when supplements are regularly 
taken. 

• Calcium supplements can cause gas, abdominal dis- 
tension and constipation in some individuals. In this 
situation, it is reasonable to switch to a different 
preparation. 

Despite the linkage between calcium intake and bone 
mass, the incidence of osteoporosis is low in many 
areas, particularly in developing countries, where cal- 
cium intake is also low. There may be many possible 
explanations for this apparent paradox: 

• Inadequate reports 

• Lower life expectancies 

• Non-dietary factors (genetic differences, exercise 
patterns, exposure to sunlight) 

• Dietary factors (consumption of soy and other natu- 
ral products) 


13.2 

The Concept of Vitamin D 
in the 21st Century 

The structure of vitamin D was identified in 1900. In 
the course of the subsequent decades right up to the 
end of the last century, numerous studies elucidated 
its metabolism and its effects on calcium-phosphate 
homeostasis and its correlation to skeletal mineral 
metabolism. Indeed, some authors have claimed that 
the skeleton is an “intracrine organ” for vitamin D 


metabolism, based on its direct effects on the bone 
cells and on the fact that the bone cells themselves 
can convert 25D into 1,25D by means of the 25- 
hydroxy vitamin D 1 alpha-hydroxylase (CYP27B1), 
thereby participating in the autocrine and paracrine 
loops of vitamin D metabolism. 

Moreover, with the start of the new century, an im- 
pressive accumulation of work has now established a 
role for vitamin D in multiple (if not all) organ systems 
and in their physiological (and pathological) molecu- 
lar processes. This is accomplished by way of the cel- 
lular vitamin D receptors which are present in many 
organs and tissues. By attachment to its receptor(s), 
vitamin D initiates and/or participates in numerous 
processes such as proliferation and differentiation, in- 
flammation in the immune system, as well as various 
functions in the endocrine systems, including the an- 
giotensin system, in glucose and insulin metabolism 
and in the metabolism of lipids, to mention some of its 
more prominent activities. 

With regard to the reproductive systems , vitamin 
D is a secosteroid hormone and affects pregnancy, the 
foetus and lactation. The association between ultra- 
violet B irradiance (UVB), vitamin D status and in- 
cidence rates of type 1 diabetes in children up to 14 
years old was studied in 51 regions all over the world 
by the Diabetes Mondial Project Group. The results 
demonstrated that the incidence rates approached 
zero in regions with high UVB, confirming the action 
of vitamin D in risk reduction for diabetes type 1 in 
children - a graphic illustration of the skin’s ability to 
produce vitamin D under the influence of sunshine! 
These numerous biological activities have suggested 
almost as many potential therapeutic interventions for 
vitamin D. 

The far-reaching effects of vitamin D in oncol- 
ogy have only recently been recognized, as repre- 
sented by some reports in the 1980’s and 1990’s, but 
numerous publications in the first decade of the 21st 
century. At the cellular level, these reports describe 
specific actions of vitamin D including pro-apoptotic, 
anti-metastatic, anti-angiogenic, anti-inflammatory, 
pro- differentiating and immunomodulating effects. 
These anti-cancer properties have been attributed to 
calcitriol, the “hormonal” form of vitamin D. Equally 
significant - probably even more so - is the preventive 
effect of an adequate amount of vitamin D in the daily 
food intake on the incidence of various cancers at the 
individual and population levels! In addition, this is 
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definitely not the present situation, because vitamin 
D deficiency is now recognized as a worldwide pan- 
demic! The preventive affect of vitamin D has now 
been demonstrated by evidence-based investigations 
for a number of malignancies including colon, pan- 
creatic, renal and breast cancers. But so far, studies of 
vitamin D and risk of prostate cancer have not shown 
a protective effect; on the contrary. Apparently higher 
circulating 25(OH)D concentrations have been as- 
sociated with an increased risk of a more aggressive 
type of prostate cancer. Recent results of the pooled 
data taken from 45 observational studies of 26,769 
men on the effects of dairy products, vitamin D and 
calcium intake found no support for any association 
with risk of prostate cancer. However, the situation 
is more complex, because calcitriol and its analogues 
exert several anti-inflammatory actions in normal 
prostate cells, and it is thought that these reactions 
could contribute to a putative preventive or therapeu- 
tic effect also in prostate cancer cells. Investigations 
of the effects of calcitriol and its analogues are now 
underway on prostate cancer cells in animals. More- 
over, there is also a genetic component, as polymor- 
phisms of the vitamin D receptor (VDR) gene have 
been shown to affect the risk of, for example renal 
cell carcinoma, while other polymorphisms in VDR 
genes also appear to reduce the risk for recurrence of 
colorectal carcinoma. 

Genetics has recently revealed the existence of an- 
other significant factor linked to ageing , and also in- 
volved in mineral and vitamin D metabolism, namely 
alpha-Klotho, an age-suppressing gene which partici- 
pates in the regulation of l,25(OH)(2)D(3) production 
and thereby in calcium homeostasis by maintaining the 
extracellular level of calcium in blood and body fluids. 
Studies have now demonstrated that klotho-deficient 
mice exhibit multiple pathologic changes resembling 
human ageing. These findings have significant im- 
plications for musculoskeletal metabolism including 
involutional osteoporosis in humans. Animal studies 
have already demonstrated the involvement of klotho 
in dentinogenesis and its mineralization, which could 
also be significant in pathologic conditions of the jaw 
bones and teeth. One study in human elderly people 
has described down regulation of CD4(+) T lympho- 
cytes especially in patients in association with rheu- 
matoid arthritis. Further investigations of the func- 
tions of klotho are expected also to indicate possible 
future therapeutic applications. 


According to the international literature, vitamin 
D is now considered an endocrine system. Vitamin 
D itself is the pro-hormone, which is converted into 
the active hormonal form: 1.25(OH)(2)D(3), or 1,25 
(OH)(2) D(3) in various tissues, for example the skin, 
which is now considered the largest endocrine organ 
of the human body! 


13.3 

Vitamin D: Don't Rely on Sunshine, 
Take Supplements 

Vitamin D, as the most important regulator of calci- 
um homeostasis (Fig. 13.2), has the following actions 

which affect the skeleton: 

• Promotes absorption of calcium from the gut into 
the blood stream 

• Decreases the excretion of calcium in the kidney 

• Promotes the recruitment, maturation and action of 
bone cells and protects osteoblasts from apoptosis 

• Promotes the incorporation of calcium into bone 
(mineralization) 

• Protects microstructure of trabecular bone 

Additional beneficial actions of vitamin D include: 

• Increase of muscle mass and strength by support 
and maintenance of type 11 fibres. 

• Improvement of coordination and balance. 

• Lower risk of falling. 

• Lower risk for hypertension and heart failure. 

• Lower risk of type 1 diabetes mellitus. 

• Lower risk of breast, lung, colon, breast and pos- 
sibly other cancers by its anti-proliferative effect 
mediated by the VDR. In a recent comprehensive 
study, the chemo -preventive effect of calcitriol on 
the development of lung cancer was indicated. 

• Anti-inflammatory action (immunomodulatory ef- 
fects in immunological and autoimmune conditions, 
e.g. in gastrointestinal inflammations) 

• Antithrombotic effect 

• Participation in the treatment of psoriasis, tubercu- 
losis and Alzheimer's disease 

• Anti-ageing effect 

Vitamin D is measured in international units (IU). 

The recommended daily intake of vitamin D is 200- 

400 IU, but this is a maintenance dose; therapeutic ap- 
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UV-light 



Fish, milk, 
eggs, calcium salts 



Muscle, 
fatty tissue 



Fig. 13.2. Pathways of vitamin D 
metabolism 



plications require higher amounts, e.g. 400-1000 IU 
(10-25 jag) are considered to be effective. These values 
may vary depending on age, ethnic group, nutritional 
status and skeletal size. Most people with vitamin D 
deficiency readily agree to take supplements and not 
to rely on dietary intake. The best assay to determine 
vitamin D status is to check the level of 25(OH)D in 
the blood. The normal range for 25(OH)D in most 
laboratories is approximately 8-57 ng/ml. However, 
patients with levels of 25(OH)D between 8 and 25 ng/ 
ml are most probably vitamin D-deficient. Moreover, 
levels of vitamin D of <20-25 ng/ml have been shown 
to be associated with secondary hyperparathyroid- 
ism, which may result in bone loss over time. Serum 
25(OH)D levels below or equal to 12 ng/ml were asso- 
ciated with an increased fracture risk in persons aged 
65-75 years, as shown in a recent study. Although 
there are a variety of other metabolites of vitamin D 


in the circulation, the measurement of these has not 
proved to be of any significance. 

13.4 

Rickets 

Rickets is a childhood disease resulting from vitamin 
D deficiency characterized by inadequate mineral- 
ization of osteoid. In adults, the resulting disease is 
called osteomalacia or osteoporomalacia when there 
is component of osteoporosis. A relative vitamin D 
deficiency often occurs in older age groups and in 
people with disorders of the gastrointestinal tract. 
Moreover, inadequate vitamin D levels are more com- 
mon than has been previously appreciated. Based on 
many large studies, the prevalence of vitamin D in- 
sufficiency proved to be >25%, and it has been as 
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high as 70 % in studies done in northern latitudes in 
the winter. If vitamin D deficiency is suspected, the 
level of 25(OH)D in the serum must be checked. The 
following factors contribute to a calcium/vitamin D 
deficiency in older people : 

• Inadequate consumption of calcium-rich foods 

• Reduced absorption capacity of the intestinal mu- 
cosa 

• Reduced exposure to sunlight and therefore 

• Reduced synthesis of vitamin D in the skin 

• Reduced metabolism of vitamin D to its active 
form 

As a consequence of these factors, most elderly pa- 
tients have some degree of vitamin D deficiency and 
secondary hyperparathyroidism with increased bone 
resorption (Fig. 13.3). Consequently, correction of the 
deficiency by vitamin D supplements causes a de- 
crease in the serum PTH concentration, a decrease in 
bone turnover and an increase in bone mineral density. 
Vitamin D and calcium supplements could reduce 
the incidence of hip and other peripheral fractures in 
an elderly nursing home population. Therefore, pre- 
scription of 1000 mg calcium and 1000 IU vitamin D 
daily for the prevention of involutional, age-related 
osteoporosis is indicated and highly recommended. 
Alternatively, 50,000 IU i.m. can be administered 
every 6 months if there are difficulties in compli- 
ance, or in order to avoid them. Calcium and vitamin 
D should always be considered as adjuncts together 


Serum concentration of vitamin D (nmol/L) 



Fig. 13.3. Graph illustrating the decreasing ability of the skin 
to produce vitamin D in response to exposure to sunlight (modi- 
fied from Holick et al. [1989] Lancet 4:1104-1105) 


with other specific treatments for osteoporosis and 
osteomalacia. 

Vitamin D is especially important in childhood dur- 
ing growth. Growing children need vitamin D for: 

• Increased absorption of calcium from food 

• Recruitment, maturation and activation of bone 
forming cells 

• Mineralization and hardening of newly formed bone 
(osteoid) 

An adequate supply of vitamin D (recommended dose 
of 1000 IU daily) is therefore extremely important for 
normal development of the skeleton. 

Vitamin D belongs to the group of fat-soluble vita- 
mins such as vitamins A, E and K and therefore can 
be stored in the body for long periods. Nevertheless, 
many obese persons are vitamin D-deficient because 
the vitamin is kept in the large body-fat pool and there- 
fore is not available for metabolic activity. Patients 
suffering from conditions which reduce absorption 
of fat usually also have deficiencies in the fat-soluble 
vitamins. Such patients are best treated by one of the 
many multivitamin preparations available. The con- 
clusion which must be drawn from this brief review of 
calcium and vitamin D is that everybody in the frame- 
work of osteoporosis prevention and therapy must re- 
ceive 1000 mg calcium and 1000 IU vitamin D either 
in food or in supplements every day throughout the 
year. In the elderly with poor nutritional status there 
may be some additional benefit from protein and mul- 
tivitamin supplementation, taking into consideration 
that vitamin D3 is more potent than vitamin D2. 

Recently, upper limits for both calcium and vita- 
min D have been recommended for children of 1 year 
and older: calcium = 2500 mg/day and vitamin D = 
2000 IU (50pg)/day. When consumed in very high 
quantities, both calcium and vitamin D can cause 
health risks. High calcium intake may decrease ab- 
sorption of other minerals such as iron and zinc. The 
risk of kidney stones, however, is a complex issue be- 
cause there are many possible causes of renal stones. 
In general, dietary calcium does not increase the risk 
of calcium oxalate stones by binding to oxalate in the 
intestine. The potential risk of excessive vitamin D in- 
take (in some reported cases more than 20,000 IU/day) 
is unpredictable and may include damage to the central 
nervous system, which in turn can result in depres- 
sion, nausea and anorexia. With increasing availability 
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of supplements and fortified foods, it will be important 
to monitor intakes of these substances. The dose of a 
calcium supplement should be adjusted on the basis of 
dietary intake, age, sex, physical condition, lifestyle, 
existing disorders and co-morbidities if present. 

Vitamin D metabolism is inhibited in patients with 
chronic renal and hepatic disorders, so that they re- 
quire the activated form of vitamin D to stabilize and 
perhaps even to increase bone mass. Activated vitamin 
D metabolites are physiological and therefore non-tox- 
ic substances, but they are metabolically highly active 
so that levels of calcium in blood and urine must be 
checked regularly to exclude hypo- or hypercalcaemia 
and/or the hypercalciuria conducive to stone forma- 
tion. No more than 500 mg calcium per day should be 
given to patients with chronic renal or hepatic disor- 
ders. Recommended dosages are: 

Alfacalcidol 0. 5-1.0 gg/day orally 

Calcitriol 0.5 gg/day orally 

Several studies have shown decreases in vertebral 
fractures, while others have not. A few reports have 
suggested that alfacalcidol and calcitriol have a direct 
action on muscle strength and decrease the rate of fall- 
ing in elderly patients. The major problem with the use 
of active vitamin D derivates is the narrow therapeutic 
window with the risk of hypercalcaemia and hypercal- 
curia, impairment of renal function and nephrocalci- 
nosis. However, recommendations are fairly frequent- 
ly published in the literature by recognized authorities, 
taking into consideration sex, age, race, ethnicity, 
geographic location, climate, economic and social fac- 
tors, the individual medical history and family history, 
medical examination and results of relevant tests. 


13.5 

Other Vitamins Involved in Skeletal 
Health 

Vitamin K is also important in normal bone formation. 
A higher vitamin K intake helps prevent hip fractures. 
Vitamin K appears to be essential for conversion of 
osteocalcin to its active form in bone. There are three 
major forms of vitamin K: 

• K1 (phylloquinone) is the natural form found in 
plants, especially in leafy dark-green vegetables. 

• K2 (menaquinone) is produced by bacteria in the 
gut. 

• K3 (menadione) is a synthetic form. 

The recommended dose for vitamin K is 100-300 IU 
daily. Vitamin K is particularly important for the 
management of bone loss in patients with hepatic 
cirrhosis. 

Vitamin A in excess may be detrimental to bone; 
in some studies intakes of more than 1500 jug RE/day 
were related to a two-fold increase in the risk of hip 
fractures. 

Further nutritional supplements for healthy bones 
are magnesium and four essential trace elements : bo- 
ron, silicon, zinc and copper. Magnesium plays several 
roles in the metabolism of vitamin D and in the regu- 
lation of PTH. Finally, osseous alkaline phosphatase 
is activated by magnesium. Some studies have found 
that higher magnesium intakes are associated with 
higher bone mineral density in the elderly. However, 
magnesium supplementation is only recommended in 
magnesium- depleted individuals. The recommended 
daily dose of magnesium is 200-500 mg. 


Hormones for Replacement Therapy 



14.1 

Hormone Replacement Therapy for 
Women - Now Recommended 
for Symptoms Only! 

Decrease in oestrogen production starts well before 
the menopause and initiates a continuous loss of bone. 
After the menopause, and in the absence of therapy, 
1-4% of the bone mass may be lost annually. In gen- 
eral, the indications for hormone replacement therapy 
(HRT) used to be: 

• Relief of postmenopausal symptoms and signs at- 
tributable to oestrogen deficiency 

• Reduction of risk of diseases associated with oes- 
trogen deficiency (osteoporosis, cardiovascular and 
cerebrovascular disorders). 

• HRT was thought to delay cognitive decline, but this 
has not been substantiated. 

Long-term use (5-10 years) of oestrogen results in a 
reduction of fractures of the hip, vertebrae and arm 
by about 50%. The greatest effect is seen in the ver- 
tebral column: within 2 years of HRT increases of up 
to 10% in bone density of the lumbar vertebrae, and 
up to 4% in the femoral neck have been reported. The 
effect of HRT is more pronounced in skeletal sites with 
mainly trabecular bone. On cessation of HRT, bone 
loss resumes at the postmenopausal rate. 

A significant reduction in the incidence of fractures 
had occurred in the years during which HRT was wide- 
ly taken, confirmed by many studies, for example from 
Norway. In contrast, other studies, one from Australia, 
showed a decrease in the incidence of breast cancer 
after the decrease in use of HRT. Other analyzes of 


mainly European women showed that many who had 
been on HRT switched to bisphosphonates and/or ral- 
oxifene, as described in a French study. Raloxifene 
is the only selective oestrogen receptor modulator 
(SERM) that has been officially approved and covered 
by insurances in some countries, such as Japan, for the 
prevention and management of osteoporosis. 

Although oestrogen is considered to be the gold 
standard for osteoporosis prevention, not all patients 
experience an increase in bone mass. Because of this, 
the National Osteoporosis Foundation recommends 
bone mineral density (BMD) testing for all women on 
long-term HRT to assure that patients have responded 
to this treatment. In patients who have not responded 
adequately to oestrogen therapy (also referred to as 
ERT when only oestrogen is used) or in those found 
to have a low bone mass, a combination of HRT and 
alendronate has additive benefits on bone and could be 
considered, together with anabolic therapy with para- 
thyroid hormone (PTH). Every woman who reaches 
the menopause is therefore confronted with the far- 
reaching decision as to whether or not to begin HRT. 
It is advisable to reach a decision concerning HRT and 
ERT only after consultation with the patient and a gyn- 
aecologist. A BMD measurement and evaluation of 
the patient’s risk profile, including family history, also 
contribute to the decision. But today, the indications 
are far more limited and the operative principles are: 

• Who should get HRT? - As few women as possible. 

• How much HRT? - As little as possible. 

• For how long? - As short as possible. 

The mechanisms of action of oestrogen on bone and 
tissues related to maintenance of bone are complex 
and include (Figs. 14.1 and 14.2): 
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Bone mass 




Fig. 14.1. Changes in resorption and formation and in bone 
mass before and at the menopause, without therapy 


Bone mass 



Initiation of Time 

antiresorptive treatment 

Fig. 14.2. Preservation and/or increase in bone mass, de- 
crease in bone turnover at and after the menopause under the 
influence of bisphosphonate therapy 

• Induction of FasL in osteoblasts, leading to apopto- 
sis in preosteoclasts 

• Inhibition of osteoclast activity 

• Stimulation of collagen synthesis by osteoblasts 

• Promotion of gastrointestinal absorption of calcium 

• Stimulation of calcitonin secretion 

• Modulation of PTH secretion 

• Improvement of central nervous functions and 
therefore decrease in tendency to fall 

• Increased blood flow through the bones 


The data from the oestrogen/progesterone arm of the 
Womens Health Initiative (WHI) Study (2003) has 
influenced perceptions on the effects of HRT and 
its role in patient management. The study confirmed 
that HRT reduces the risk of vertebral, non-verte- 
bral and hip fractures. This was a major advance in 
the evidence base concerning the effects of HRT on 
bone, but at the same time, cardiovascular and breast 
cancer data from the trial have had a negative effect 
on perceptions and, as a consequence, the use of HRT 
and ERT is now strictly limited. This is all the more 
so, as alternatives are readily available and do not 
have the potentially dangerous side effects of HRT 
and ERT. As a result, women who do use HRT, limit 
their use to a short time after the menopause. Women 
at high risk of osteoporosis who wish to minimize 
postmenopausal bone loss now have the option of 
transferring to raloxifene or a nitrogen-containing 
bisphosphonate, or the combination of the two, as 
well as the latest anabolic therapy, if osteoporosis is 
already established. 


14.2 

Which Oestrogens and Progestins, 
and How to Take Them? 

The main groups of oestrogen preparations given 
orally or transdermally are: 

• Synthetic oestrogen analogues with a steroid skel- 
eton 

• Non-human oestrogen, produced from an equine 
source (conjugated equine oestrogens) 

• Native human oestrogens or compounds that are 
transformed to native oestrogens in the body 

Effective daily doses of commonly used oestrogens 
are: 

• Oestradiol Orally 2 mg 

• Patch 50 pg 

• Gel 1 mg 

• Conjugated equine oestrogens 0 625 mg 

• Oestradiol valerate 2 mg 

For women with an intact uterus, oestrogen should 
be combined with progestin to prevent the risk of 
endometrial hyperplasia and cancer. Cyclic treatment 
is recommended for women immediately after the 
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menopause, while continuous daily intake is suitable 
for older postmenopausal women when regular uter- 
ine bleeding is undesirable. Most clinical experience 
has been gained with the use of medroxyprogester- 
one acetate, norethisterone acetate and levonorgestrel. 
However, as pointed out previously, women should be 
informed about the alternatives to HRT but, if used, 
then as little as possible, for as short a time as possible! 
All the above refers to the use of oral medications. 
However, many studies, but no clinical trials, have 
now demonstrated the effects of non-oral hormone 
therapy, in much lower doses, on bone and on the 
maintenance of BMD. 

Tibolone is a synthetic analogue of gonadal steroids 
with combined oestrogenic, progestogenic and andro- 
genic properties. The endometrium is unaffected and 
combination with progestin is not necessary. At a dose 
of 2.5 mg daily it reduces bone turnover by 30-50% 
and so increases bone mass by 2-5% during the first 
2 years. This effect on bone is similar to that of con- 
ventional HRT. The effect on fracture risk remains to 
be determined. 


14.3 

Which Women to Treat? 

Early treatment is warranted for the following indica- 
tions: 

• Premature and surgically induced menopause, es- 
pecially under the age of 40 

• Women with osteopenia: T-score <-l SD 

• Loss of bone density in excess of 1% per year 
(DXA) 

• Women at high risk due to lifestyle or other factors 

14.4 

How Long to Treat? 

Every patient must decide for herself how long to 
continue to take HRT. For effective prevention and 
management of osteoporosis a period of 5-15 years 
was previously recommended, possibly even for life. 
The longer the therapy, the longer the bone is pro- 
tected. HRT can be started even at 75 years of age, 
but must be continued and taken regularly to pre- 


serve the beneficial effects on the skeleton. As soon 
as HRT is discontinued, bone resorption begins again, 
so that the bone density returns to its starting value 
3-4 years after cessation of therapy. Research on the 
discontinuation of HRT has demonstrated that the rate 
of loss of bone mass is similar to the rate of loss at 
the menopause. 

General compliance with HRT is low and it is often 
rejected by women: 

• Only 15% of women who would benefit from HRT 
actually take it. 

• Only 70-50% of the various oestrogen preparations 
prescribed are actually taken. 

• Only 20% of women who embarked on therapy with 
oestrogen take it for more than 5 years. 

Since HRT is no longer recommended except in low 
doses for short periods and only for oestrogen depri- 
vation symptoms, such as hot flushes, but not for the 
prevention of osteoporosis, the issue of compliance 
is no longer relevant. For many women, lifestyle 
changes, increased physical activity, proper nutri- 
tion and supplements would prevent osteoporosis and 
obviate the need for hormones. Should osteopenia 
or osteoporosis be diagnosed by routine bone den- 
sity measurements, treatment with bisphosphonates 
or other anti-resorptive and anabolic agents is now 
readily available. 


14.5 

How to Monitor HRT? 

Oestrogen replacement therapy, with or without pro- 
gestin, needs to be monitored annually for efficacy 
and safety: 

• Efficacy : dual- energy X-ray absorptiometry (DXA), 
alkaline phosphatase and CrossLaps in the serum, 
selectively oestradiol and sex hormone-binding 
globulin (SHBG) 

• Safety. Annual breast examination and mammo- 
gram, vaginal ultrasound 

Some patients may not respond to oral oestrogens be- 
cause of gastrointestinal side effects, malabsorption 
or enterohepatic binding of oestrogen. Alternative 
routes of administration include oestrogen patches 
or gel. 
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14.6 

What are the Risks and Adverse 
Events of HRT? 

Over the past few years, many studies have been de- 
signed, carried out and published on the risk and ben- 
efits of HRT, especially long-term. HRT had previously 
been taken for many years by millions of women after 
cessation of the menses. Results of controlled trials did 
not show a protective effect of HRT on reducing risk of 
coronary artery disease, but there was a decreased risk 
of colorectal cancer and of osteoporotic fractures. Most 
importantly, however, there was an increased risk of 
heart disease, stroke, invasive breast cancer and venous 
thromboembolism. The findings of these extensive con- 
trolled trials have seriously undermined the indications 
for long-term HRT, which should no longer be pre- 
scribed. “Better safe than sorry”, as the proverb has it! 

In spite of some 50 observational studies, there is still 
no complete consensus on breast cancer risk with HRT. 
Most experts agree that oestrogen may be a promoter 
rather than a cause of breast cancer. The risk of breast 
cancer for ERT-treated women appears to be time- and 
dose-dependent and increases by 25-70% after 10-15 
years of ERT. In the HERS study , the use of oestrogen 
in women with serious cardiovascular disease did not 
result in protection against myocardial infarction. A 
further large prospective study (Womans Health Ini- 
tiative ), designed to answer many questions related to 
oestrogen replacement, included more than 27,000 old- 
er, generally healthy postmenopausal women. The oes- 
trogen-plus-progesterone segment was stopped when 
results showed that hormone therapy caused small 
increases in the risk of coronary events, stroke, pul- 
monary embolism and breast cancer. There were also 
some small decreases in the risks of hip fracture and 
colon cancer, but the overall harm outweighed these 
benefits. There was also clear evidence that hormone 
therapy does not result in better quality of life among 
older women without menopausal symptoms, and does 
not improve cognition, depression or sexual function. 
At present, women with postmenopausal vasomotor 
symptoms must weigh the risks associated with HRT 
treatment against the benefits of symptom relief. They 
require treatment for a much shorter duration than 5 
years, and therefore the risk will be smaller. Given the 
availability of other effective drugs, the use of hormone 
therapy for the prevention or treatment of osteoporosis 


is not appropriate for most women. Obviously the indi- 
cations for HRT have changed, as have the variety of 
choices available and alternative therapies. HRT is only 
recommended for climacteric symptoms, at a dose as 
small as possible and for a limited period of time (less 
than 4 years). As regards osteoporosis, comparative tri- 
als have now shown that the bisphosphonates produce a 
similar reduction in fracture risk, without the possible 
adverse events of HRT. It must be unequivocally stated 
that HRT is no longer recommended as a first-line ther- 
apy for the prevention and therapy of osteoporosis. 


14.7 

What are the Main Contraindications? 

• Vaginal bleeding of unknown origin 

• Thrombotic tendency and pulmonary emboli in the 
patient’s history 

• Family history of breast cancer 

• Hypertension 

• Acute or chronic hepatic disorders 

• Hypertriglyceridaemia 

• Malignant melanoma 


14.8 

Natural Oestrogens - How Effective 
are They? 

There is much interest among postmenopausal women 
in “natural” alternatives to oestrogen .Phytooestrogens, 
also known as plant oestrogens, are non-steroidal mol- 
ecules (isoflavones, lignans, coumestans, stilbenes and 
resorcylic lactones) and occur naturally in plants and 
vegetables, for example in soy products, some types of 
peas and beans as well as in tea, milk and beer. The 
plants contain three main classes of phytooestrogens: 
isoflavones, lignans and coumestans, which resemble 
oestrogen chemically and are converted in the body 
into very weak forms of oestrogen. These molecules 
do not share the common chemical structure with 
oestrogens, but they have two structural features that 
resemble oestrogens (Fig. 14.3): 

• An aromatic A ring with a hydroxyl group, and 

• A second hydroxyl group in the same plane of the 
A ring 
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Fig. 14.3. Structures of the 
17(3-oestradiol and the two 
main natural oestrogens Ge- 
nistein and Daidzein present 
in soy 


OH 



These similarities allow the molecules to bind to the 
oestrogen receptors (ER) and thereby lead to biological 
activity (nuclear DNA-stimulated protein synthesis). 

Although these plant oestrogens are a thousand 
times weaker than animal oestrogens, they do exercise 


a positive effect on the vegetative manifestations of 
the menopause and also have positive effects on bone- 
building. Some observational studies have related the 
lower incidence of osteoporosis in women in Eastern 
countries with a diet rich in phy tooestrogens . Isoflavones 
are found principally in legumes and soybean products. 
In terms of dietary sources, most soy products contain 
about 2 mg/g of isoflavones, and the upper limit of iso- 
flavone intake should be approximately 50 mg/day from 
diet and supplements (Fig. 14.4). Lignans are found in 
fruits, vegetables and beer, and coumestans in bean 
sprouts and fodder crops. Two small studies have dem- 
onstrated that they significantly reduced fracture risk. 
An additional advantage is that, presumably, they have 
no tumour-promoting activity. The recommended dose 
of ipriflavone is 600 mg daily, taken in two or three sep- 
arate doses. Though these results are promising, larger 
studies are necessary to demonstrate the value of phy- 
tooestrogens in osteoporosis, in particular in Western 
countries. Phytooestrogens have the potential of signifi- 
cant biological effects, although the spectrum of these 


Fig. 14.4. Similar action 
of oestrogens and phyto- 
oestrogens in stimulating 
osteoblasts to produce the 
proteins which constitute 
the bone matrix. ER , oes- 
trogen receptor; MAPK, 
mitogen-activated protein 
kinase (modified from 
Migliaccio et al. [2003]) 
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effects may be quite different from that of oestrogen or 
SERMs. However, cell and animal studies have shown 
that this effect is mediated, at least in part, via the clas- 
sical oestrogen receptor mechanism, presumably via 
the osteoblasts. Stimulation of both cell proliferation 
and alkaline phosphatase, a marker of osteoblastic cell 
differentiation, suggests that genistein may enhance 
bone formation activities. Genistein also inhibits the 
synthesis and secretion of interleukin- 6, which further 
indicates that this substance may decrease osteoclast 
differentiation and function through an osteoblast-me- 
diated effect, as already suggested for E 2 . 

Recommendations for the medical community 
and the general public concerning the use of soy and 
other isoflavone supplements to help postmenopausal 
women with low BMD must await further randomized 
clinical trials, to satisfy objectively the needs for evi- 
dence-based medicine. One must also keep in mind that 
herbal products are not regulated by the FDA, which 
means that the purity, safety and effectiveness of the 
herb is not necessarily assured and the amount of ac- 
tive drug per milligram dose may vary with different 
manufacturers. There may also be the possibility of 
contamination with other compounds when collected, 
distilled and manufactured in capsules. Furthermore, 
the metabolism of the active drugs and consequently 
their action appear to be highly influenced by other 
factors of diet, intestinal function, intestinal bacte- 
ria and individual variations. However, standardized 
plant extracts as substitutes for HRT are now available 
and results of trials are awaited. 


14.9 

Dehydroepiandrosterone (DHEA) - 
Is it Useful for the Prevention 
of Bone Loss? 

This substance has gained a great deal of attention 
from the media and the public and many people now 
take DHEA to prevent or reverse various age-related 
changes. DHEA is one of the major circulating adrenal 
androgens. Serum DHEA levels peak by the second de- 
cade of life and then steadily decline by about 10% per 
decade. The regulatory role of DHEA in bone metabo- 
lism has been evaluated in several studies, indicating 
that adrenal androgens may prevent bone loss induced 
by oestrogen deficiency. When using pharmacologic 


doses of DHEA, variable effects on blood lipids and 
body composition have been reported, but none of these 
studies investigated the effects on bones. Consequently, 
DHEA supplements should be deferred until the results 
of ongoing studies with this hormone are published. 

14.10 

Testosterone - Good for Bones 
and Well-Being in Men! 

Secondary osteoporosis should always be suspect- 
ed if a decrease in bone density occurs in a young 
male. Possibilities are hypogonadism or Klinefelter 
syndrome, for which the therapy of choice is early 
institution of testosterone replacement therapy. Hy- 
pogonadism in the male is associated with low values 
of calcitriol and decreased intestinal absorption of 
calcium. Under therapy with testosterone, gains in 
BMD correlated better with serum oestrogen levels 
than with testosterone, indicating that conversion of 
testosterone to oestrogen may be an important factor. 
Treatment with testosterone may also increase muscle 
mass and improve well-being. The use of testosterone 
therapy should be limited to men with low levels of 
free testosterone who have no contraindications such 
as benign prostatic hypertrophy or prostate cancer. 
Safety of treatment should be monitored by blood 
tests, and by levels of glucose and prostate-specific 
antigen (PSA) in the serum. Recommendations for 
testosterone replacement in patients with low serum 
levels include: intramuscular injections 100-250 mg 
every 3-4 weeks or testosterone gel 5 mg daily. 


14.11 

Anabolic Steroids - Strong Muscles 
for Healthy Bones! 

The efficacy of these drugs in osteoporosis has long 
been recognized and is due to their effect on the mus- 
cles, although a direct action on bone-forming cells 
has also been described. These drugs are indicated 
in the elderly when there is reduction in muscle mass 
(sarcopenia), muscular weakness or even cachexia. 
Anabolic steroid therapy in the elderly has a signifi- 
cant anabolic effect on bone in addition to its anti-cata- 
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bolic effect. Treatment should be restricted to 3 years, 
and the well known side effects (virilization in women) 
and hepatic damage must be taken into consideration. 
Moreover, men may experience a reduction in sexual 
function. In addition, cancer of the prostate must be 
ruled out before therapy is started, because it could 
be stimulated by anabolics. Nandrolone decanoate is 
the preparation most frequently prescribed: 50 mg i.m. 
every 4 weeks. This drug can be used as an adjuvant 
treatment in elderly women, as well as in male patients 
with osteoporosis. 

In the years that have now passed since the publica- 
tion of the WHI trial results in 2002, many different 
types, combinations, formulations and ways of ad- 
ministering HRT have been described, as well as who 
should receive them, why they should receive them 
and exactly for what they should receive them, and 
precisely for how long they should receive them! All 
have one goal - effective hormone therapy targeted 
for specific conditions without the adverse side ef- 
fects disclosed by the WHI trials. Also, over the years 
various authorities have regularly published position 
papers on HRT, as up to date results of more trials 
and investigations were made public. A few are listed 
below, all published in 2008. One of the latest, which 
is very comprehensive and also includes a discussion 
of the risk-benefit concepts, is the Position Statement 
of the North American Menopause Society, dated July 
2008. The results and conclusions reached do support 
the use of HRT to treat or reduce the risk of specific 
disorders such as osteoporosis and fractures, but only 
in selected populations of postmenopausal women. 
Conditions and reservations concerning the recipi- 
ents, as well as the therapies, are also outlined in the 
report. In another study, 600 US and European gyn- 
aecologists, who participated in an enquiry on HRT, 
confirmed that they still utilize HRT as therapy for 
postmenopausal women, but only for specific aims, at 
much lower doses and for limited periods of time. A 
novel combination consisting of minimal quantities of 
hormones - oestradiol 0.5 mg and norethisterone ac- 
etate (NETA) 0.1 mg - has been approved by the FDA, 
the European Medicines Agency, The International 
Menopause Society and the North American Meno- 
pause Society. As a first-line oral therapy for post- 


menopausal women, its effectiveness, tolerability and 
safety have already been demonstrated in a 6 -month 
trial. Results of longer trials are awaited. 

The hormone- dependent or -related problems in 
the ageing population , especially in women, are also 
addressed. According to some authors, these include 
osteoporosis, Alzheimer’s disease, urinary inconti- 
nence and generalized as well as coronary athero- 
sclerosis. In fact, many studies have concluded that 
cardiovascular or coronary heart disease constitutes 
a major group in the category of hormone-related 
problems in the aged. Extensive animal studies have 
demonstrated the significant role of HRT on vascular 
endothelium and vascular smooth muscle, but have 
emphasized that in women the type, dosage, admin- 
istration and timing must be adapted to the individual 
patient’s age and cardiovascular condition in order to 
enhance the benefits of HRT also in elderly women. 
Recent investigations and reviews have emphasized 
that the risk for coronary heart disease is highest in 
70- to 79-year-old women, often together with risk 
of fractures due to osteoporosis. Therapy for these 
patients is specific: for the cardiologic conditions, for 
osteoporosis and for any other specific condition, as 
well as serious attention to lifestyle factors such as 
nutrition and exercise. Other incidental conditions 
such as infections and their consequences, e.g. hepa- 
titis C followed by hepatic steatosis or fibrosis, are 
also candidates for consideration of HRT. Hormone 
therapy is also an option for adolescents under spe- 
cial circumstances. 

There is a beneficial effect of HRT and of exercise 
training (ET) on insulin action, and this has also been 
observed in overweight adults with sedentary habits. 
Moreover, the ET effects on insulin are different for 
men and women on or off HRT, which is taken into 
account in the preparation of treatment strategies for 
these patients. The combination of low dose HRT and 
exercise training also has beneficial effects on BMD 
and muscle mass in postmenopausal women. 

In summary, as time has passed, and the results of 
the WHI investigations are seen in greater perspec- 
tive, HRT and ERT are prescribed, but more specifi- 
cally, in minimal effective dosages and for the shortest 
possible period of time. 


Bisphosphonates 




A new era in the treatment of disorders of bone began 
about 30 years ago with the introduction of bisphos- 
phonates into clinical practice. Bisphosphonates are 
deposited on the surface of the bones, inhibit osteo- 
clasts and thus resorption of bone. Consequently, these 
drugs have long been given to patients with Morbus 
Paget, hypercalcaemia, multiple myeloma and osseous 
metastases. Bisphosphonates not only inhibit resorp- 
tion of bone, they also inhibit growth of metastases 
in the bone and bone marrow. 

Bisphosphonates inhibit resorption in osteoporosis 
and - in particular the latest aminobisphosphonates - 
have no adverse effects on bone formation and there- 
fore lead to a long-lasting (periods of years) positive 
bone balance. Bisphosphonates have been success- 
fully used for the prevention and therapy in all forms 
of osteoporosis. Compact and spongy bone show equal 
increases in bone density (Fig. 15.1). Moreover, the 
long-term incorporation of bisphosphonates into the 
bones has no detectable deleterious influence on bone 
quality and strength. The concept of “frozen bone” 
under bisphosphonate therapy is simply not true. A 
basic level of remodelling is consistently maintained 
even under long-term bisphosphonate therapy. Distur- 
bances of mineralization have not been observed with 
the new bisphosphonates currently in use. 


Biochemical markers 
of bone remodelling 



Resorption 


Onset of therapy Time 


Bone density 



Onset of therapy Time 

Fig. 15.1. Bone remodelling and bone density under antire- 
sorptive therapy with bisphosphonates 

The nitrogen-containing bisphosphonates are to- 
day the most effective medications available for the 


R.Bartl, B. Frisch, Osteoporosis, DOI 10.1007/978-3-540-79527-8_15, 
© Springer-Verlag Berlin Heidelberg 2009 


127 




128 


15 Bisphosphonates 


treatment of all forms of osteoporosis in both men 
and women, young and old, congenital and acquired 
osteoporosis, primary and secondary, high and low 
turnover, and in pre-, peri- and post-menopausal and 
involutional osteoporoses. Bisphosphonates have also 
been given to children - even very young ones - but 
this should only be done in authorized paediatric cen- 
tres under strictly controlled indications and condi- 
tions. 


15.1 

A Brief Survey of Bisphosphonates 

These are synthetic compounds, analogues of pyro- 
phosphate in which the oxygen atom of the central 
P-O-P bond has been replaced by carbon, resulting in 
a P-C-P group. This exchange has made the bisphos- 
phonates resistant to enzymatic hydrolysis. In addi- 
tion, different bisphosphonates can be synthesized by 
substitution of both hydrogen atoms on the carbon 
atom, and these bisphosphonates differ in their bio- 
logical properties, activities, pharmacodynamics and 
toxicity. There are two side chains (Fig. 15.2): 

• One binds to bone mineral 

• One determines class and potency (nitrogen mol- 
ecule) 

The dynamics of these new bisphosphonates mani- 
fest themselves in their potency- they are 20,000 
times more potent than etidronate, the first generation 
bisphosphonate (Table 15.1). Bisphosphonates have a 
high affinity for certain structures on the surface of 
bone. Most of the bisphosphonate absorbed in the 
gastrointestinal tract is deposited on bone within 




Fig. 15.2. Molecular structure of bisphosphonates. Note struc- 
tural resemblance to tongs. Deposition of bisphosphonates on 
osseous surface: subsequently bisphosphonates are phagocy- 
tosed by osteoclasts or incorporated into the bone 


hours, especially in resorption bays (Howship’s lacu- 
nae) or in the acid environment under the osteoclasts. 
This causes a very effective inhibition of osteoclasts 
and resorption, as well as re-activation of the sup- 
pressed osteoblasts and thereby leads to an overall 
positive “bone balance” and increase in bone mass. 
The bisphosphonates deposited on the surface are later 
(weeks or months) built into the bone and may remain 
there for many years, until eventually they may reach 
the surface again in a remodelling cycle. However, due 
to their extremely low concentrations, these bisphos- 


Table 15.1. List of available bisphosphonates according to side chains and relative potency 


Substance 

Trade name 

R1 

R2 

Relative potency 

Etidronate 

Didronel® 

-OH 

-ch 3 

lx 

Clodronate 

Ostac® 

-CL 

-CL 

10x 

Pamidronate 

Aredia® 

-OH 

-CH 2 -CH 2 -NH 2 

100 x 

Alendronate 

Fosamax® 

-OH 

-CH 2 -CH 2 -CH 2 -NH 2 

1000x 

Risedronate 

Actonel® 

-OH 

-CH-C*> 

5000 x 

Ibandronate 

Bondronat® 

-OH 

-ch-ch-nh-ch 3 

10000x 


Bon(v)iva® 


C 5 Hu 


Zoledronate 

Zometa® 

Aclasta® 

-OH 

-ch 2 -nCj N 

20 000 x 
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Fig. 15.3. Cellular and biochemical mechanisms of action 
of the nitrogen-containing bisphosphonates: Left, layer of 
bisphosphonate (blue dots ) on bone beneath osteoclasts in 
resorption lacunae. The bisphosphonates are taken up by 
the osteoclasts, which leads to their inactivation and retrac- 
tion of the ruffled membrane. Higher doses lead to increased 
apoptosis of the osteoclasts. Right, biosynthetic pathway for 
sterols and isoprenoids, which takes place in the cytoplasm 


of the osteoclasts. Steps of inhibition by statins and bisphos- 
phonates. HMG Co A, 3-hdroxy-3-methylglutaryl-Co-A; PP, 
pyrophosphate. 1, 2 and 3 show the different generations of 
bisphosphonates, each with its own specific targets. Effects of 
the 2nd and 3rd generation lead to an accumulation of isopen- 
tenyl-PP, which in turn stimulates the acute phase reaction. 
However, this may be reduced by simultaneous administra- 
tion of clodronate 
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phonates remain inactive, even when “recycled”, that 
means when the bone on which they are deposited 
undergoes remodelling again. 

The mechanism of action is not yet completely 
understood, but some aspects have been elucidated 
(Fig. 15.3): 

• Incorporation of bisphosphonates into hydroxyapa- 
tite crystals and the bone matrix leads to decreased 
solubility of the bone substance and disturbances of 
mineralization - physical-chemical effect. 

• Reduction in recruitment and fusion of osteoclast 

precursors - direct influence on the monocyte-mac- jo 
rophage system. J= 

• Inhibition of osteoclast activity by means of inhibi- > 
tion of the proton- ATPases - a direct toxic effect. §" 

• Inhibition of enzymes of mevalonic acid metabo- | 
lism - by the aminobisphosphonates. 

• Shortening of osteoclastic survival by induction of 
apoptosis, probably associated with a lengthening 
of osteoblastic survival (alterations in the periods 
of the phases of remodelling cycles). 

• Indirect inhibition of osteoclastic resorption by way 
of factors produced by osteoblasts - interference 
with “coupling” in the osteoblast-osteoclast cycle. 

• Increased synthesis of collagen type I by osteo- 
blasts. 

• Inhibition of production of prostaglandin E2, pro- 
teolytic enzymes, interleukin 1 and 6 and many 
other cytokines. 

• Inhibition of adherence of osteoclasts and tumour 
cells to the surface of bone. 

• Effect on afferent nerve fibres in bone with inhibi- 
tion of release of neuropeptides and neuromodula- 
tors at the nerve ends. 

• Bisphosphonates have an anti-apoptotic effect on 
osteoblasts and osteocytes, for which connexin 43 
is required. 

• Individual bisphosphonates may also exhibit par- 
ticular individual activities. 

From a laboratory point of view, inhibition of osteo- 
clastic resorption results in decreased excretion of 
the breakdown products of collagen in the urine and 
a reduction in the level of calcium in the blood in 
patients with hypercalcaemia. In the long term, inhibi- 
tion of resorption results in a positive calcium balance 
with a continuous increase in bone mass, especially 
in trabecular bone because of its large surface area. 
Moreover, the increase in bone mass is accompanied 






Fig. 15.4. The sequence of effects of bisphosphonate therapy 

by an increase in mechanical resistance of the bone. 

Bisphosphonates and other antiresorptive agents im- 
prove bone strength by various effects (Fig. 15.4): 

• They reduce the size of the remodelling space and 
repair the resorption cavities caused by increased 
osteoclastic activity. 

• They maintain the trabecular architecture, espe- 
cially the horizontal trabeculae. 

• They decrease cortical porosity. 

• They increase mineralization density by a prolonga- 
tion of the bone formation period. 

• They maintain osteocytic viability. Indeed, recent 
studies indicate that osteocytes act as mechanosen- 
sors and thereby participate in the regulation of bone 
remodelling. There is also evidence that oestrogen, 
bisphosphonates and raloxifene all prevent osteo- 
cytic apoptosis. 

• They significantly alter maturation and properties 
of bone collagen, suggesting a contribution of the 
organic matrix to the anti-fracture efficacy of these 
drugs. Bisphosphonates exert more profound chang- 
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es in the organic matrix than raloxifene, probably 
due to their more potent suppression of turnover 
(>50% suppression). 

The osteomalacia (disturbance of mineralization) ob- 
served after long-term use of the first generation of 
bisphosphonates has not occurred with the latest ami- 
nobisphosphonates (i.e. those with an amino group in 
one of the side chains) even after 8 years of therapy. 
Increases in mineralization, collagen maturity and 
non- enzymatic cross links have been observed after 
3 years of therapy. Changes in lamellar structure of 
the trabeculae were also not observed. It has recently 
been reported that in dogs given a six-fold greater 
than the normal therapeutic dose of alendronate or 
risedronate, both drugs substantially decreased bone 
turnover, but there was an increase in histological 
microcracks. Moreover, there was a greater increase 
in bone strength in the alendronate and risedronate 
groups than in controls. To summarize, in humans, 
none of the currently used aminobisphosphonates 
were found to have any deleterious effects on bone 
quality, estimated by preclinical mechanical testing 
and clinical fracture risk. Studies are available on the 
determination of the active ingredients in bisphos- 
phonates as well as reviews of the analytical methods 
applied. 

However, one cautionary note: a recent inves- 
tigation on the in vitro effects of pamidronate and 
alendronate on osteoblasts showed that these ami- 
nobisphosphonates inhibited osteoblast growth and 
caused osteoblast apoptosis. These inhibitory effects 
were observed at the same concentrations of bisphos- 
phonates that caused osteoclast inhibition. To what ex- 
tent these in vitro studies reflect the in vivo situation 
remains to be determined. 

The most recent investigations have shown an an- 
tiproliferative effect of bisphosphonates on growth of 
tumour cells. The inhibition of osteoclasts results in a 
reduction in the production of IL-6 and in the release 
of growth factors from the bone matrix. Evidence is 
also accumulating that bisphosphonates have a nega- 
tive influence on osseous and probably also on visceral 
metastases, possibly by way of interactions with adhe- 
sion molecules on the tumour cells and/or by forming 
a film on the surface of the bone, which inhibits at- 
tachment of the tumour cells to the osseous surface. 

Data from studies on hyperlipidemic patients with 
osteoporosis and on therapy with bisphosphonates 


showed that these also have a beneficial effect on lipid 
metabolism. 

15.2 

Pharmacokinetics 

As mentioned above, the P-C-P bond is completely 
resistant to enzymatic hydrolysis. Consequently, 
the currently used bisphosphonates are absorbed 
unchanged, are deposited on bone and eventually 
excreted. They are not metabolized in the body and 
interactions with other medications do not occur. In- 
testinal absorption is minimal - somewhere between 
1 and 10% - and with the latest bisphosphonates 
probably less than 1%. Absorption may be further 
reduced if bisphosphonates are taken with food or 
drink especially with bivalent salts such as calcium 
and magnesium. Consequently, it is essential to in- 
gest the bisphosphonates on an empty stomach and 
only with water. The manufacturers recommend tak- 
ing alendronate and risedronate with a full glass of 
tap water on an empty stomach half an hour before 
breakfast. The patient must remain in the upright po- 
sition to ensure absorption and to avoid adverse reac- 
tions. The tablet should not be regurgitated together 
with gastric juices and remain in the oesophagus, 
because that could damage the mucus membrane. If 
a patient has difficulties in swallowing or there is a 
pre-existing reflux esophagitis, an alternative meth- 
od of administration, or a different therapy, should 
be chosen. Between 20 and 50% of the absorbed 



Fig. 15.5. Deposition of bisphosphonate {red) on bone in a 
resorption lacuna and in the cytoplasm of an osteoclast visual- 
ized by means of an antibody to ibandronate, as seen in sec- 
tions of a plastic embedded undecalcified iliac crest biopsy 
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bisphosphonate adheres to the surface of the bone 
(Fig. 15.5), while the rest is excreted in the urine or 
faeces over the course of the day. 

In contrast to its short stay in the peripheral blood 
(half-life of 1-15 h) the half-life of bisphosphonates 
in the skeleton is much longer - a matter of years, as 
is the case for other substances, such as tetracycline, 
which have a high affinity for bones. Individual 
bisphosphonates may have different interactions with 
bone that result in differences in their pharmacologic 
behaviour. For example risedronate has a lower ki- 
netic binding affinity for the mineral substrates on 
the bone surface than alendronate does. These differ- 
ences may contribute to the apparently shorter half- 
life of risedronate and to its faster clinical on and off 
responses compared to alendronate. Preliminary re- 
sults suggest that ibandronate and zoledronate have 
higher kinetic binding affinities than alendronate 
and risedronate. 


15.3 

Toxicity and Contraindications 

Bisphosphonates are very well tolerated when taken 
as prescribed. Side effects and adverse reactions are 
few and rarely severe: 

• Gastrointestinal complaints', these have been re- 
ported in 2-10% of patients and include nausea, 
vomiting, stomach aches, and diarrhoea. Howev- 
er, in large placebo-controlled studies, these were 
reported equally by both test and control groups. 
Inflammation and ulceration of the oesophagus, oc- 
casionally reported, can easily be avoided by strict 
adherence to the directions for taking the medica- 
tion. Lesions of the mucus membrane occur in two 
stages. Firstly, regurgitation of gastric acid dam- 
ages the oesophageal epithelium; secondly, amino- 
bisphosphonates diffuse into the adjoining epithelial 
cells and inhibit synthesis of cholesterin (inhibition 
of the mevalonic acid pathway), which in turn pre- 
vents cholesterin-dependent repair of the damaged 
mucosal cells. Bed-ridden patients or patients with 
reflux esophagitis should not be given oral amino- 
bisphosphonates, or at best only under the strictest 
medical supervision. 

• Acute phase reaction : This can occur within 24 h of 
the first intravenous infusion of an aminobisphos- 


phonate. The reaction consists of a rise in tem- 
perature, joint and bone pains, myalgias, increase 
of IL-6 and C reactive proteins in the blood, as well 
as changes in lymphocyte counts. 

• Very rarely, an infusion or oral treatment must be 
stopped because of the outbreak of a skin allergy 
or photosensitivity. 

• Ocular reactions have been observed, but very rare- 
ly (1/1000 patients). Uveitis scleritis and episcleritis 
have been observed after pamidronate. With cessa- 
tion of the infusion and administration of glucocor- 
ticoids the ocular inflammation improved rapidly. 

• About 3% of patients who receive infusions of 
bisphosphonates experience moderate hypocalcae- 
mia and hypomagnesemia , which however do not 
require any medical treatment. Aminobisphospho- 
nates should not be given together with aminogly- 
cosides since both medications reduce the calcium 
level in the blood which may last for considerable 
periods of time. We have not observed any clini- 
cally significant hypocalcaemia as a consequence 
of infusion of bisphosphonates. 

• Renal function should be checked before intrave- 
nous infusion of bisphosphonates. At high dosages 
kidney pain may occur as well as mild, clinically 
non-significant albuminuria. 

• No data on humans suggest that the administration 
of modern bisphosphonates, at least in doses used 
for osteoporosis, interfere clinically with fracture 
repair. The amount of callus formed was either un- 
changed or was increased, but never decreased. The 
slowing of callus turnover was accompanied para- 
doxically by a higher mechanical strength. 

• Acute and chronic toxicity studies using oral alen- 
dronate in female animals showed no evidence of 
mutagenicity, including those most relevant to hu- 
man carcinogenic potential. Carcinogenicity stud- 
ies in rats and mice at maximum tolerated doses 
showed no increase in tumour incidence associated 
with alendronate treatment. There was also no effect 
on fertility or reproductive performance in male or 
female rats. 

• Low energy fractures of the femoral shaft have 
recently been observed in some patients on long- 
term therapy (> than 6 years) with alendronate. The 
fractures had a simple transverse pattern and were 
presumed to result from propagation of a stress 
fracture presumed to be due to impaired repair of 
microdamage. One other previous study had iden- 
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Fig 15.6a-d. (a) Osteoporosis of the jaw in a patient with 
breast cancer, 1 year after therapy with a bisphosphonate given 
monthly i.v. (b) Surgical stabilization of the necrotic area of the 
jaw. (c) Histology of the necrotic jaw in the same patient show- 


ing chronic osteomyelitis with necrotic bone and osteoclastic re- 
sorption, Giemsa staining, (d) At higher magnification, increase 
of large, multinucleated macrophages, lymphocytes and granu- 
locytes in the surrounding bone marrow, Giemsa staining 


tified low energy femoral shaft fractures in some 
patients after an average of 4.8 years of therapy with 
alendronate. There has been speculation that these 
atypical fractures of the femur were due to atypical 
skeletal fragility as a result of severely suppressed 
bone turnover, due to inherent conditions as well as 
to prolonged antiresorptive therapy. 


15.4 

Osteomyelitis/Osteonecrosis of the 
Jaw (ONJ) 

Numerous articles on the association of therapy with 
bisphosphonates and the occurrence of osteonecrosis 
of the jaw (ONJ) have appeared in the international 
medical press since the publication of the first report 
of a single patient in 2003 (Fig. 15.6a-d). Many of 


these reports were published in the last few years, 
especially in 2008. Included are studies of related 
and possibly causative factors as well as retrospective 
investigations of large numbers of patients. The sug- 
gested associated factors include: 

• Suppression of the activity of local macrophages by 
bisphosphonates. 

• Microfractures in heavily burdened jaw bones. 

• Anomalies of the vascular system in the jaws. Stud- 
ies have shown that the jaw bones have a greater 
blood supply than other bones, as well as a high 
bone turnover rate and therefore there is a high 
concentration of bisphosphonates in the jaws. 

• Infectious inflammatory processes during immuno- 
suppression. 

• Anti-angiogenic effects of bisphosphonates leading 
to local necrosis. 

• Inhibitory effect on local physiological processes 
in bone. 



134 


15 Bisphosphonates 


• Administration of bisphosphonates oral or, mostly, 
intravenous. 

• Enhancement of inflammatory/necrotizing process- 
es caused by prior or current chemotherapy and/or 
corticosteroids already present before administra- 
tion of bisphosphonates leading to an increased 
concentration of bisphosphonates. 

Many articles and position papers have been published 
on how to deal with the problem of ONJ. These include 
specific up-to-date practice guidelines. An excellent 
example is the Canadian Consensus Practice Guide- 
lines for Bisphosphonate-Associated Osteonecrosis 
of the Jaw, June 2008. It should be stressed that the 
guidelines in this Consensus were compiled with the 
collaboration of recognized, established authorities 
from all over the world. The guidelines include recom- 
mendations given by international experts and results 
obtained from evidence-based investigations on the 
prevention of ONJ, its diagnosis and therapy, as well 
as the management of gums, jaws and in particular 
patients themselves. However, relatively little atten- 
tion has been given to the possible association of 
periodontal conditions with systemic disorders that 
may also be present, perhaps even for longer periods of 
time and whether their management took the state of 
the jaws into consideration. These systemic disorders 
include diabetes, renal, respiratory and cardiovascular 
diseases. In elderly patients, such co-morbidities may 
have been present for a significant length of time and 
their presence, as well as their therapy, given could 
very well have impacted the state of the gums and 
jaw bones. 


As mentioned previously, the vast majority of the 
cases of ONJ reported so far represent only a minus- 
cule percentage of the more than 20 million patients 
already treated with bisphosphonates for many years. 
Many studies have confirmed that nearly all patients 
who developed ONJ had malignancies. In one recent 
report in which the medical records of 1086 patients 
were evaluated, the following percentages were calcu- 
lated: 3.8% per 100 with myeloma, 2.5% per 100 with 
breast cancer, and 2.9% per 100 with prostate cancer 
had developed ONJ during the 5 -year study. All these 
patients received bisphosphonates i.v., which led to the 
hypothesis that there could be complex interactions 
between the bisphosphonates and the chemotherapies 
the patients were receiving at the same time, and this 
possibly warrants further investigation. 

In contrast, another study concentrated only on 
patients who were prescribed oral, not i.v., bisphos- 
phonates, and only for indications other than malig- 
nancies and who had developed ONJ. These patients 
were studied in order to identify potential contributing 
factors. The cases included 85 patients with osteopo- 
rosis, 10 patients with Paget’s disease and individual 
patients with other conditions. Most of the patients 
(9% of 63 patients) who supplied dental information 
had undergone a dental procedure before the onset 
of the ONJ and in addition 81% of these patients had 
co-morbidities and were taking at least one other drug 
which affects bone turnover. The authors concluded 
that the circumstances of each patient must be tak- 
en into consideration, and that a multiplicity of fac- 
tors may be associated with the development of ONJ 
(Fig. 15.7). Another study pointed out that ONJ is rare 
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Fig. 15.7. Cascade of events and reactions in the development of osteoporosis of the jaw in patients with neoplasias 
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in metabolic bone disease and in Paget’s disease, i.e. 
1 per 100,000 person years. Interestingly, according 
to another study, smoking and obesity are strong risk 
factors for ONJ, which suggests that patients should be 
asked and, if necessary, advised about lifestyle factors 
before initiation of bisphosphonate therapy. 

To summarize : ONJ has been reported in cancer pa- 
tients receiving high doses of intravenous bisphospho- 
nates, especially pamidronate or zoledronate. However, 
this situation may change as a novel bisphosphonate, 
TRK-530, which has recently been developed, has both 
anti-inflammatory as well as antiresorptive effects, and 
animal studies have already demonstrated its efficacy 
in preventing alveolar bone loss in animals with ex- 
perimental periodontitis, by both topical and systemic 
administration. The incidence of ONJ in osteoporotic 
patients treated with oral and/or intravenous bisphos- 
phonates is extremely low (in the order of 1/100,000 
cases), and its causal relationship with bisphosphonate 
therapy has not been established. No causative relation- 
ship has been unequivocally demonstrated between 
ONJ and bisphosphonate therapy. ONJ occurred after 
tooth extraction. Furthermore, the underlying risk of 
developing ONJ may be increased in osteoporotic pa- 
tients by co-morbid diseases. Finally, two studies have 
confirmed the hypothesis that genetic susceptibility 
may also participate in the host’s reaction to bacte- 
ria: complex interactions between pathogenic bacteria 
and factors in the host’s inflammatory reaction such 
as polymorphisms of IL-6 were shown to participate 
in the aggressivity of periodontitis, and this could rep- 
resent one important genetic determinant in the indi- 
vidual patient’s propensity to develop ONJ. On a more 
optimistic note, the FDA has recently approved the use 
of recombinant human platelet derived growth factor 
(rhPDGF) for the repair of periodontal defects. PDGF 
is a crucial factor in the biological repair of many skel- 
etal conditions, and it is anticipated that it will prove 
effective in the prevention and/or therapy of ONJ. 

15.5 

Contraindications 

Bisphosphonates should be avoided during pregnancy 
and breast-feeding, although adverse reactions in these 
conditions have not been reported. On the contrary, 
they have been used successfully in some patients both 


during pregnancy and lactation without any detrimen- 
tal effect on mother or baby, as recently reported. 


15.6 

Oral Bisphosphonates Currently Used 
in Osteoporosis 

Bisphosphonates are now regarded as the treatment of 
choice for postmenopausal osteoporosis, due to proven 
efficacy and a good safety profile. The National Insti- 
tute for Health and Clinical Excellence (NICE) in the 
UK has recently recommended bisphosphonates as 
the first-line therapy in patients with established os- 
teoporosis. The following oral bisphosphonates have 
been approved to date: 

• Alendronate (Fosamax®) 10 mg daily or 70 mg once 
weekly (Fosamax once weekly 70 mg®) 

• Risedronate (Actonel®) 5 mg daily or 35 mg once 
weekly (Actonel® once weekly 35 mg or 150 mg 
once monthly) 

• Etidronate (e.g. Didronel®) 400 mg daily for 14 days 
every 3 months 

• Ibandronate (Boniva® 150 mg monthly). 


15.7 

Alendronate 

This aminobisphosphonate has been tested in clinical 
trials involving more than 17,000 patients and has 
been prescribed for millions of patients in 80 dif- 
ferent countries worldwide. It has been approved for 
treatment of postmenopausal osteoporosis as well as 
cortisone-induced and involutional bone loss in both 
men and women. 

Alendronate 10 mg orally for 1-3 years resulted in 
an increase of bone density of 5-9% compared to the 
control group who received only calcium and vita- 
min D. After the first year of alendronate therapy, the 
vertebral fracture rate was reduced by 59% and the 
hip fracture rate by 63% after 18 months. Significant 
increases in bone density were seen after 3 months 
of therapy and the success rate was 95% after 1 year. 
Moreover, as shown by the FIT study (Fracture In- 
tervention Trial), many patients reported decreases in 
pain and morbidity. Alendronate achieved significant 
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decreases in fracture rates of vertebrae, hip and fore- 
arm in post-menopausal women. Similar results were 
reported in men and in patients with cortisone-in- 
duced osteoporosis. The results have been confirmed 
by several large international trials. 

Alendronate 5 mg orally daily has also been ap- 
proved for the prevention of osteoporosis. Because 
of the low side effects, 5 mg alendronate daily is es- 
pecially useful in women who do not take hormone 
replacement therapy (HRT). 

A recent study has shown that combining HRT with 
alendronate therapy results in a significantly greater 
increase in bone mineral density (BMD) compared to 
either oestrogen or alendronate alone. 

A significant advance in therapy has been the devel- 
opment of the alendronate once-weekly dose of 70 mg. 
Numerous animal and clinical studies have shown that 
alendronate given once weekly as a single tablet pro- 
duces less irritation of the oesophageal mucosa. Phar- 
macological studies have also shown that 0.5-1% is 
absorbed of which 50% is deposited on the resorptive 
surfaces of bone, where it inhibits the osteoclasts. The 
same local concentration of alendronate is achieved 
by daily as by weekly intake. Similarly, the rate of in- 
crease in bone density was also equal after daily or 
weekly administration. Moreover, bone remodelling, 
i.e. resorption and formation, was also identical. A 
very important aspect of the once-weekly dosage is 
that patient acceptance, compliance and tolerance are 
greatly increased. In the first head-to-head trial , the 
efficacy of alendronate and risedronate was compared 
(FACT trial). In this study, alendronate 70 mg once 
weekly produced significantly greater BMD increases 
at the spine and hip after 12 months therapy than did 
risedronate 5 mg daily. These differences may be due 
to the antiresorptive efficacy of alendronate 70 mg 
once weekly as opposed to reduced absorption and 
bioavailability of risedronate resulting from post- 
prandial ingestion. 


15.8 

Risedronate 

Risedronate has a nitrogen molecule in a pyridinyl 
ring in the R2-position and belongs to the third gen- 
eration of bisphosphonates. This bisphosphonate has 
also been tested in large clinical trials (VERT trials) 
involving 15,000 patients. At a daily oral dose of 5 mg 


it increased spinal BMD by 4-5% and hip BMD by 
2-4% over 3 years. It reduced bone turnover markers 
by 40-60%. Risedronate (5 mg/day) was shown to re- 
duce vertebral and non-vertebral fractures by 40-50% 
and 30-36%, respectively, in two 3 -year trials that 
included approximately 3600 women with prevalent 
vertebral fractures. The reduction was evident as early 
as 1 year after initiation of therapy. Osteoporotic non- 
vertebral fractures were reduced by 39% in one of 
these studies. In the HIP study, risedronate showed a 
30% overall reduction in hip fracture. In the subset 
of women with very low BMD (hip T- score below -3 
or -4), there was a 40% reduction. Risedronate is 
well tolerated even by patients with gastrointestinal 
problems. It is effective in cortisone-induced osteo- 
porosis and has been approved by the FDA for treat- 
ment of post-menopausal osteoporosis, corticoste- 
roid-induced osteoporosis and osteoporosis in men. 
Risedronate 35 and 50 mg once a week provided the 
same efficacy and safety as the daily 5 -mg regimen. 
Therefore, the lower dose, 35 mg risedronate once a 
week , is considered to be the optimal dosage for pa- 
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Fig. 15.8a, b. Early reduction of vertebral fractures (a) and 
non-vertebral fractures (b) under risedronate. Significant val- 
ues already after 6 months of therapy 
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tients with post-menopausal osteoporosis. In a recent 
study, risedronate 150 mg once a month was similar 
in efficacy and safety to daily dosing and may provide 
an alternative for patients who prefer once-a-month 
oral ingestion. 

Analyses of data from several large trials in osteo- 
porotic post-menopausal women indicate that treat- 
ment with risedronate reduces the incidence of ver- 
tebral and non-vertebral fractures within 6 months of 
the start of treatment, and the benefit continues for at 
least 3 years. The mechanisms for this early signifi- 
cant effect within 6 months are not known, but appear 
to be related to an early bioavailability as well as to a 
preservation of micro-architecture, thus avoiding pro- 
gression of trabecular thinning and loss of connectiv- 
ity. This early onset of action is clinically important 
for patients with high risk for osteoporotic fractures 
(Fig. 15.8a andb). 

Meanwhile, the results of a 7-year placebo-controlled 
clinical experience have demonstrated that the long- 
term efficacy and the beneficial effects of risedronate 
treatment are sustained over this 7-year long period. 

15.9 

Etidronate 

This first generation bisphosphonate is the only one 
which is administered intermittently. It is given daily 
400 mg for 2 weeks every 3 months. It has been shown 
to reduce vertebral fractures, but with no significant 
effect on non-vertebral fractures. Etidronate is being 
replaced by the newer aminobisphosphonates as de- 
scribed above and is not recommended as a first-line 
therapy for osteoporosis. 


15.10 

Ibandronate 

Ibandronate is a potent nitrogen- containing bisphos- 
phonate that possesses a tertiary nitrogen group on 
its R 2 side chain and a hydroxyl group on its side 
chain, which together confer on ibandronate one of 
the highest antiresorptive potencies of all bisphospho- 
nates. Due to this greater potency, ibandronate can be 
given in lower dosages and at longer intervals than the 
other bisphosphonates already approved for osteopo- 


rosis. Ibandronate was the first to become available 
as a once monthly tablet , as well as having the op- 
tion of i.v. administration. It can be taken orally once 
a month, for which it has already been authorized; 
and it is currently being tested both orally and intra- 
venously for the therapy of post-menopausal osteo- 
porosis, as an infusion or as a bolus given i.v. every 
3 months. In a previous placebo-controlled trial, the 
optimal daily dose was shown to be 2.5 mg, which 
resulted in increases in bone density of up to 10% 
after 2 years. In the BONE Study, the efficacy of iban- 
dronate was established with respect to reduction of 
fractures, increase in bone density and decrease in 
risk parameters. The outcome of the BONE Study, in 
which 2946 post-menopausal patients (T-score <-2; 
one or more vertebral fractures) were given 2.5 mg 
ibandronate daily, showed that after 3 years the relative 
risk of vertebral fractures was significantly reduced by 
62% when compared to patients who received placebo. 
However, the effect of this therapy on hip fractures was 
not recorded at the time, probably because this was 
not one of the primary endpoints of the BONE Study. 
Nevertheless, as shown by post-hoc analysis, the risk of 
non-vertebral fractures was also decreased by 69% in 
375 patients with an increased risk, i.e. T-score <-3.0. 
In this study, longer intervals between doses were also 
investigated. A patient friendly regimen for ibandro- 
nate, i.e. a monthly oral or i.v. administration, was 
then developed on the basis of the results of the BONE 
Study. The MOPS Study (Monthly Oral Pilot Study) 
of 144 post-menopausal patients was the first to apply 
the once-a-month tablet of 100 or 150 mg ibandronate. 
This dose was well tolerated and lead to a reduction 
in the biochemical levels of bone resorption mark- 
ers to normal pre-menopausal values. Thereafter, the 
MOBILE Study (Monthly Oral Ibandronate in Ladies) 
comprising 1600 patients was initiated and this study, 
carried out over a 2-year period, demonstrated the ef- 
ficacy of the once-a-month therapy of post-menopausal 
osteoporosis. European authorization for a monthly 
dose of 150 mg ibandronate (Boniva®) has already 
been granted, and patient preference for the once- 
monthly tablet has already been documented. In the 
head-to-head MOTION study, once monthly ibandro- 
nate was shown to be clinically comparable to weekly 
alendronate at increasing BMD after 12 months in both 
the lumbar spine and total hip. Efficacy of ibandronate 
in reducing the risk of fractures has been conclusively 
established in addition to its efficacy in a randomized 
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controlled trial. It should also be noted that ibandronate 
has the potential to be utilized for treatment of many 
diseases of bone from the prevention of osteoporosis 
to the therapy of osseous metastases. 


15.11 

Intravenous Bisphosphonates for the 
Treatment of Osteoporosis 

Bisphosphonates are the current mainstay of the man- 
agement of osteoporosis worldwide. Oral daily and 
weekly formulations have been linked to poor adher- 
ence, but nevertheless yielding a decrease in anti-frac- 
ture efficacy in real-life settings. The development of 
new, 3rd generation bisphosphonates with increased 
anti- osteoclastic potency and affinity to bone matrix 
allowed intravenous administration and intervals be- 
tween administrations to be greater than 1 week or 
even 1 month. Intravenous administration of potent 
bisphosphonates can now be considered as an impor- 
tant component of the management of osteoporosis. 


15.12 

Ibandronate 

The DIVA Study (Dosing Intra Venous Administra- 
tion), a multicentric placebo-controlled study of 1400 
patients with post-menopausal osteoporosis, dem- 
onstrated the efficacy of ibandronate in this setting. 
Ibandronate i.v. 2 mg every 2 months or 3 mg every 3 
months was fairly rapidly injected (20-30 s). Both were 
as effective as the 2. 5 -mg oral dose which had already 
proved its value in the reduction of fractures in the 
BONE Study. European authorization for the i.v. appli- 
cation has already been granted and this i.v. application 
constitutes an alternative to the monthly tablets. 


15.13 

Zoledronate 

Zoledronate is possibly both a manufacturer’s and a 
patient’s dream come true - in the form of a single an- 
nual infusion of 5 mg for the prevention and treatment 
of osteoporosis. As shown in the HORIZON study, a 
single intravenous infusion of 5 mg zoledronic acid 
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Fig. 1 5.9. Incidence of morphometric vertebral fractures during 
the 3 -year study period (HORIZON Pivotal Fracture Trial) 
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significantly decreased bone turnover and improved 
bone density at 12 months in post-menopausal women 
with osteoporosis. The risk of morphometric vertebral 
fracture was reduced by 70% during a 3 -year period, 
compared with placebo (Fig. 15.9). The risk of hip frac- 
ture was reduced by 41%, while non-vertebral, clinical 
and clinical vertebral fractures were reduced by 25, 33 
and 77%, respectively. Adverse events, including long- 
term change in renal function, were similar in the two 
study groups, although transient renal changes were 
sometimes noted after the infusion of zoledronate. No 
cases of ONJ were reported or confirmed by the cen- 
tral adjudication committee. However, serious atrial 
fibrillation and transient post-infusion symptoms (py- 
rexia, myalgia, bone pain) occurred more frequently 
in the zoledronic acid group. Furthermore, an annual 
infusion of zoledronic acid within 90 days after repair 
of a low-trauma hip fracture was associated with a 
reduction in the rate of new clinical fractures and 
improved survival. Concomitant treatment with other 
osteoporosis therapies (other bisphosphonates, PTH 
or strontium) did not significantly affect the bone re- 
sponse to zoledronate. Increased mortality rates after 
hip fracture are well documented. Indeed, mortality 
in this study was about three times as high as that 
reported in the recently completed study of zoledronic 
acid in post-menopausal women (HORIZON study), 
and a relative reduction of 28% in the risk of death was 
observed in the zoledronic acid group. In a substudy of 
the HORIZON pivotal fracture trial, 152 patients un- 
derwent bone biopsy. Zoledronate reduced bone turn- 
over by 63% and preserved bone structure and volume, 
with evidence of ongoing, active bone remodelling in 
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Fig. 1 5 . 1 0 . Relative reduction of 28% in the risk of death in the 
zoledronic acid group (HORIZON Recurrent Fracture Trial) 

99% of the biopsies examined. No significant differ- 
ence in delayed union of fractured bone was observed 
between the two study groups. A post-hoc analysis 
suggests that first infusions of zoledronic acid given 
as early as 2 weeks after hip fracture reduce clinical 
fractures and mortality (Fig. 15.10). No adverse effects 
on fracture healing were observed, regardless of the 
timing of infusion. A single annual i.v. infusion of 5 mg 
zoledronate (Aclasta®) has now been authorized for 
post-menopausal women with osteoporosis. The most 
recent studies of zoledronate given once annually for 
2 years showed that the BMD was maintained for an- 
other extra year after the second dose, i.e. 24 months 
instead of 12 months! This raised the possibility that 
zoledronate could be given even less frequently than 
once a year. These results graphically illustrate the 
journey of bisphosphonate therapy: from a daily dose 
of 10 mg to an annual dose of 5 mg! Data are not yet 
available for men or glucocorticoid-induced osteopo- 
rosis, but the same range of dosage could apply. It is 
advisable to begin therapy with a bisphosphonate pro- 
phylactically together with the glucocorticoid therapy, 
after a dual-energy X-ray absorptiometry (DXA) bone 
density measurement for baseline values. 

15.14 

Clodronate and Pamidronate 

These two bisphosphonates have already proved their 
value in hypercalcaemia and in skeletal metastases. 
However, in most countries, they have not yet been 


authorized for therapy of osteoporosis; therefore, they 
should only be given within the setting of an osteo- 
porosis centre and only after the patients have been 
fully informed and given their written consent to the 
treatment. 

15.15 

Recommendations for Intravenous 
Therapy 

This has now gained a high degree of compliance, 
especially with patients who are already taking a 
number of other drugs orally. Additional advantages 
are 100% bioavailability and no gastrointestinal side 
effects; moreover, the effects on bone density and 
fracture rate are comparable to those of oral therapy. 
The following dosages and time intervals are cur- 
rently used: 

• Clodronate (Ostac®, Lodronat®, Bonefos®) 

600 mg Infusion every 3 months 
© Pamidronate (Aredia®) 

30 mg infusion every 3 months 
® Ibandronate (Bonviva®, Boniva®) 

3 mg infusion or injection every 3 months 
® Zoledronate (Aclasta®) 

5 mg infusion annually 

The administration of bisphosphonates at intervals 
of 3 months is based on the observation that a single 
intravenous dose inhibits resorption of bone for sev- 
eral weeks; zoledronate 5 mg i.v. every 12 months re- 
sults in the same increase in bone density as a bisphos- 
phonate taken orally daily, weekly or monthly. 

15.16 

Duration of Therapy with 
Bisphosphonates and Long-Term 
Studies 

The optimal duration of bisphosphonate therapy is 
2-5 years, depending on the initial severity of osteo- 
porosis and the subsequent increase in bone density. 
Three phases are recognized: 
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• Repair (up to 12 months) 

• Rebuilding (6-36 months) 

• Maintenance (24-60 months) 

Bisphosphonate therapy is a matter of years - this 
must be explicitly explained to each patient and re- 
emphasized at the start of and during therapy. The 
highest rate of increase in bone density occurs during 
the first 12 months when the resorption lacunae are 
repaired and refilled with bone. During the rebuilding 
and maintenance phases, the increase is less since the 
trabecular structure and width are being restored. It is 
assumed that repair of the trabecular bone network, 
plus the increase in bone density during the first year 
of therapy, are together responsible for the rather re- 
markable decrease in fracture rate which occurs dur- 
ing this period. An increase of more than 3% in bone 
density under alendronate therapy showed about the 
same decrease in fracture risk as an increase of 3% 
in bone density. Similar correlations were observed in 
patients on risedronate therapy: an additional decrease 
in fracture risk was not observed with bone density 
increases above 3%. Annual increases in bone den- 
sity of up to 10% are possible but do not necessarily 
imply a proportional decrease in fracture risk. Under 
risedronate therapy, markers of bone resorption show 
similar relationships. For example a decrease in uri- 
nary NTX of more than 40% did not lead to a further 
reduction in fracture risk. 

There is relatively less increase in bone density dur- 
ing the phases of repair and maintenance because the 
increase in mineralization is now in the foreground. 
On cessation of bisphosphonate therapy in post-meno- 
pausal women, there is a moderate decrease in bone 
density during the first year, more pronounced in the 
lumbar spine than in the hip; this does not occur in 
men. On completion of 1-3 years of treatment, results 
of annual measurements of BMD will determine when 
bisphosphonate therapy should be resumed. Some 
studies have already shown that the positive effect on 
mineral density of both cortical and trabecular bone 
as well as fracture reduction is maintained for 1 year 
after cessation of bisphosphonate therapy. This should 
be checked by BMD measurements in each patient. 

Long-term follow-up studies’. Previous fears of a 
“frozen, poor-quality bisphosphonate bone” liable to 
microfractures (“cracks”) have not been confirmed. 
There is no evidence that remodelling might be 


turned off completely leading to frozen bone and in- 
creased bone fragility with the doses used clinically. 
Some studies in dogs have shown that treatment with 
very high doses of bisphosphonates have caused in- 
creased microcracks. However, biomechanical and 
bone strength were preserved, so the relevance of 
increased microcracks is unclear, and results of long- 
term clinical studies of bisphosphonates to date have 
allayed these fears. Clinical studies of alendronate 
and risedronate conducted for more than 7-10 years 
have demonstrated that bone density consistently in- 
creased by approximately 0.7% per annum. Therefore, 
over a 10-year period bone density increased by an 
average of 13%. This indicates that apparently there 
is no time limit for therapy with bisphosphonates - 
the one important factor is the state of the patient’s 
skeleton and this should be regularly monitored. The 
FIT Long-Term Extension study (FLEX) found that 
BMD decreases slowly on cessation of alendronate 
and bone remodelling gradually increases. Recent 
clinical studies have concluded that increased mi- 
crodamage accumulation may occur in patients on 
prolonged alendronate therapy. These data suggest 
that clinicians might consider a “drug holiday” after 
5 years of alendronate in lower-risk patients. Frac- 
ture healing in patients on long-term bisphosphonate 
therapy does not seem to be a problem, although there 
are only a few studies which have addressed this im- 
portant issue. 


15.17 

A Summary of Results Achieved 
to Date 

• Over a period of approximately 1-3 years 70 mg of 
alendronate are incorporated into the bones. With 
such a minute amount of bisphosphonate, when the 
skeleton contains 2,000,000 mg of hydroxyapatite, 
physicochemical damage is excluded for all practi- 
cal purposes. The same holds true for other modern 
bisphosphonates. Moreover, disturbances of miner- 
alization do not occur with these bisphosphonates. 

• Under therapy with risedronate, patients have dem- 
onstrated a significant reduction of vertebral and 
non-vertebral fractures after a period of only 6 
months. At 1 year after discontinuation of 3 years’ 
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treatment with risedronate, the risk of new vertebral 
fractures remained lower in these patients compared 
to that in the control patients. 

• After 7 years of therapy with alendronate or rise- 
dronate, the bone mass still increased by about 1% 
a year, indicating that a basic positive bone balance 
remained unchanged. However, a “drug holiday” 
after 5 years of alendronate therapy is advisable to 
avoid any possible microdamage accumulation, at 
least in low-risk patients. 

• Bone biopsy findings showed that, after 7 years of 
therapy with alendronate or risedronate, the tra- 
becular architecture and lamellar structure of bone 
were both preserved and that microfractures were 
absent. 

• The number of normal hydroxyapatite crystals in- 
creased, thereby rendering the bone more resistant 
to compression. 

• In contrast, fluoroapatite crystals, which are incor- 
porated into the mineral phase of bone during fluo- 
ride poisoning, though denser than hydroxyapatite 
crystals, are brittle and shatter easily. 

The following parameters can be used to estimate 
success of therapy : 

• Decrease in collagen breakdown products in urine 
and TRAP in serum. These biochemical markers of 
bone resorption provide the earliest information on 
the effects of therapy. 

• Increase in biochemical markers of bone formation: 
alkaline phosphatase 

• Increase in BMD (DXA of lumbar spine and hip) 

• Decrease in fracture rate (vertebral and extra-ver- 
tebral) 

• Decrease in osteoporotic bone pain 

• Increase in quality of life and mobility 

• Decrease in duration of hospitalization 

• Decrease in mortality (28% under zoledronate!). 

After 3-6 weeks of therapy, a decrease in markers 
of bone resorption should occur. If such markers 
have not been reduced by 30-40% after 2-3 months 
of oral therapy, the patient should be questioned as 
to whether and in what form the drug was ingested, 
and appropriate measures taken according to the 
circumstances. Subjective parameters such as pain, 
mobility and quality of life can only be accepted as 
secondary criteria. 


Resistance to therapy does appear to occur in 
some patients when the usual parameters such as 
BMD remain the same as those of the control group 
not on bisphosphonate therapy. The patients de- 
scribed so far were elderly, obese and with type 2 
diabetes. The lack of response was seen especially 
in vulnerable regions, such as the hip, femoral neck 
and forearm. 

BMD should be measured annually during therapy 
with a bisphosphonate, although, as shown in large 
studies of bisphosphonates, the risk of fractures may 
be decreased even in the absence of a measurable in- 
crease in density. In the absence of increased BMD 
after 1 year of therapy, four possibilities should be 
considered: 

• Medication was not taken: Telopeptides (markers of 
bone resorption) should be checked. 

• Medication was not taken according to instructions: 
Discussion with patient for information and clari- 
fication. 

• Possible ‘non-responder’ when therapy was indeed 
taken: change to intravenous administration of ni- 
trogen-containing bisphosphonates. 

• Possibly the case is not that of primary but rather 
secondary osteoporosis: for example an undiag- 
nosed primary malignant disorder may be present. 
Investigations, including MRI and bone biopsy, 
must be carried out as quickly as possible. 

Even when there is no direct correlation between in- 
crease in bone density and decrease in fracture risk 
under antiresorptive therapy, the measurement of bone 
density (DXA) is still the most practical and quantifi- 
able parameter for estimation of fracture risk, both 
within the framework of diagnostic evaluation as well 
as monitoring of therapy. In addition, results of DXA 
measurements have worldwide acceptance which sim- 
plifies comparison of results of trials. Results of two 
large meta-analyses of vertebral fractures have con- 
clusively demonstrated that the reduction of 24-54% 
in risk of fractures under bisphosphonate therapy is 
unequivocally due to the increase in bone density. This 
relationship is even more pronounced with respect to 
non-vertebral fractures. These meta-analyses also in- 
dicate that bisphosphonates increase bone density not 
only by inhibition of osteoclastic activity, but also by 
their influence on osteoblasts and osteocytes (inhibi- 
tion of apoptosis). The bisphosphonates improve the 
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micro-architecture of bone, and thereby also decrease 
the risk of fractures. This graphically illustrates the 
close correlation between bone density, strength and 
micro-architecture. 

Moreover, studies of bone biopsies have shown that 
the increase in bone density is closely connected to 
the improved micro-architecture of trabecular bone. 
This was demonstrated by Recker et al. by means 
of micro-CT and histomorphometry. Their results 
provide a convincing argument for DXA measure- 
ment in the evaluation of effects of bisphosphonate 
therapy on bone. These and other studies have dem- 
onstrated increases in trabecular thickness, as well 
as in numbers and connections, i.e. “the nodes” of 
the trabecular network while the porosity of cortical 
bone was also decreased. These micro-CT studies 
have clearly demonstrated improvement and pres- 
ervation of the trabecular micro-architecture under 
bisphosphonate therapy. It should be mentioned that, 
although increases in bone density usually occur un- 
der therapy, lower values have also been registered 
by DXA. This apparent paradox has been observed 
especially in hip measurements after 6 months of 
teriparatide therapy: decreases in DXA values oc- 
curred together with increases in bone surface areas. 
In contrast, measurements with quantitative com- 
puted tomography (QCT) were able to register an 
increase in bone density. Under teriparatide therapy 
measurements may show a decrease in density, but 
bone volume and strength are increased - therefore, 
this is only an apparent paradox, which can be ex- 
plained by the fact that DXA measurements under- 
estimate the increase in density only in the presence 
of an increase in bone surface. 

In practice, the success of antiresorptive therapy 
depends on regular and consistent administration, i.e. 
patient compliance. However, as shown in one study, 
this is attained by only a small percentage of the pa- 
tients. With the introduction of the once weekly tablet, 
there was a 60% increase in compliance; therefore, a 
further improvement is to be expected with the monthly 
tablet. The once-monthly and possibly annual tablets 
(or i.v. administration) are expected to work wonders 
with compliance. Few studies have actually been car- 
ried out on compliance with long-time intervals. One 
such study did show that a demonstrable increase in 
bone density contributes to better patient compliance 
with the therapy. The results of a comprehensive study 
on adherence to oral bisphosphonates among 101,038 


new bisphosphonate users demonstrated that age and 
type of fractures were two important factors in the 
determination of adherence. The results also showed 
that adherence was correlated with time, as there was 
a tendency for adherence to decrease from 1 to 3 years 
of therapy: a cogent reason for regular doctor-patient 
interaction and monitoring. 

15.18 

Meta-analyses of Antiresorptive 
Substances 

According to the principles of evidence-based medi- 
cine, randomized studies and meta- analyses have the 
highest priority. However, classification and compari- 
son of drugs pose methodological problems which 
are easily overlooked and/or underestimated. Meta- 
analyses provide data for comparative studies. How- 
ever, reliable comparison between two drugs is only 
possible in “head-to-head” studies, as outlined previ- 
ously. Frequently, significant findings are: (1) only 
revealed in sub-groups, (2) obtained after retrospec- 
tive evaluation, (3) require re- definition of the inclu- 
sion criteria and (4) require utilization of specialized 
statistics. Nonetheless, a team of experts (in methods 
of evidence-based medicine) has recently undertaken 
the task of comparing the efficacy of various antire- 
sorptive agents to decrease fracture risk in spite of 
all the difficulties involved. These studies were com- 
missioned by The Osteoporosis Methodology Group 
(OMG) and the Osteoporosis Research Advisory 
Group (ORAG). The experts confirmed that the most 
reliable method is undoubtedly the “head-to-head” 
study. This implies that estimation of the nine most 
important antiresorptive agents alone would require 
36 such studies! In addition, extremely high numbers 
of patients would be needed to recognize significant 
differences between two drugs! However, the ORAG 
analyses did show that there are differences between 
the drugs in degree and location of fracture reduction. 
The results demonstrated that after 1 year of therapy, 
alendronate and risedronate achieved significant re- 
duction in fractures of both hip and spine. A recent 
review, sponsored by the Agency for Healthcare Re- 
search and Quality (AHRQ) analysed 76 randomized 
trials and 24 meta-analyses. The results outlined the 
benefits in fracture reduction as well as the adverse 
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side effects of the various classes of pharmacothera- 
pies for osteoporosis. 

The significance of a decline in BMD during and 
after therapy with oral bisphosphonates was investi- 
gated by means of comparison of the results of nu- 
merous clinical trials. The conclusion was reached 
that patients who experienced a decrease in BMD 
had a higher fracture risk profile to begin with, than 
those whose BMD did not decrease. This emphasized 
the significance of the fracture risk profile! However, 
there is as yet no consensus on the criteria for an inad- 
equate response including, among others, risk profile, 
compliance and duration of the treatment, and obvi- 
ously criteria must be internationally established and 
complied with before conclusions can be drawn and 
comparisons made. Another study assessing the re- 
sponse to therapy for osteoporosis also emphasized the 
significance of the personal profile of the patients con- 
cerned: age, co-mobidity/ies, medications, nutrition, 
vitamins, gastrointestinal function, other lifestyle fac- 
tors which could impinge on the effects of therapy and 
thereby also contribute to the lack of response. Many 


factors contributing to an inadequate response and 
a high rate of incident fractures in post-menopausal 
women with osteoporosis were identified in the Ob- 
servational Study of Severe Osteoporosis (OSSO) in 
which 1885 women were investigated. Some elderly 
patients with severe, low turnover osteoporosis or 
adynamic bone disease failed to respond to first-line 
therapy with bisphosphonates, but did react to therapy 
with teriparatide. 

Finally, there are always reports of new therapies, 
but many are still in the experimental stages, and have 
not yet been tested in clinical trials. However, one in 
particular should be mentioned, as it is a conjugate of a 
bisphosphonate: an osteotropic alendronate-beta- cy- 
clodextrin conjugate which was developed as a bone- 
target delivery system. In an animal model, it was 
found to be a strong local anabolic agent as evidenced 
by the new bone formation at the injection site. Such a 
drug would be suitable for local application in fracture 
repair, possibly also in localized osteonecrosis of the 
femur and perhaps even of the jaw bone. Clearly, more 
studies are required. 


Selective Oestrogen-Receptor Modulators 



16.1 

A Brief Overview of SERMs - New 
Selective Antiresorptive Agents 

In the last decade, more and more oestrogen-like 
substances have been developed and introduced into 
clinical practice. These drugs bind to the oestrogen 
receptors (ERs alpha and beta) throughout the body. 
For example tamoxifen had long been given to women 
with a history of breast cancer, after the initial chemo- 
and radiotherapy and surgery. It acts as an oestrogen 
antagonist on breast tissue but as an oestrogen on other 
organs and tissues in the body, namely bone, liver and 
fat. Tamoxifen inhibits growth of any residual breast 
cancer cells remaining in the body if they still have 
oestrogen receptors. However, due to adverse effects, 
tamoxifen has been replaced by the aromatase inhibi- 
tors , for example anastrozole. 

16.2 

Raloxifene - Utilization of 
Physiological Effects on Bone 

The positive effect on bone has been further devel- 
oped in raloxifene, a selective oestrogen-receptor 
modulator (SERM) of the second generation which 
has no effect on breast or uterus. Raloxifene was 
originally investigated as a treatment for breast can- 
cer. Uterine bleeding, breast tenderness and water 
retention are not observed with raloxifene. However, 
“hot flushes” and leg cramps occurred in about 30% of 
previously asymptomatic patients, because raloxifene 


blocks all oestrogen receptors remaining in the body 
and thereby also the effects of the small amount of 
oestrogen that might still be produced. Leg cramps, 
especially nocturnal, can be treated by supplements 
of magnesium which is freely available; the recom- 
mended amount is 300 mg daily. An international 
clinical trial, the MORE study, showed that the risk 
of a vertebral fracture in patients taking raloxifene 
is half that of a control group. After 3 years, raloxi- 
fene 60 mg daily increased the BMD by 2-3% at the 
hips and spine and reduced the risk of new fractures 
by 30-50%. New clinical vertebral fractures were 
reduced by 68% after 1-year of therapy with raloxi- 
fene. The risk of breast cancer is significantly reduced 
(60-70%) in women taking raloxifene. This effect 
was mainly due to a 90% reduction of oestrogen- 
receptor-positive breast cancer. The RUTH trial is 
evaluating this positive effect. 

The SERMs exert their effects by binding with high 
affinity to the oestrogen receptors (ERs) of which two 
different subtypes have so far been identified (ER-al- 
pha and ER-beta) (Fig. 16.1). These receptor subtypes 
appear throughout the body with a predominance of 
ER-alpha expression in the reproductive tissues and a 
predominance of ER-beta expression in non-reproduc- 
tive tissues. The structural features of each SERM dif- 
fer so that unique ligand-induced changes take place 
in the ERs, which are thought to be the likely basis for 
tissue-selective pharmacology. For example, raloxifene 
operates as an oestrogen agonist in bone but as an an- 
tagonist in the breast and uterus. The mechanism by 
which SERMs inhibit bone resorption is likely to be the 
same as that of oestrogen, i.e. by blocking production 
of cytokines that promote osteoclast differentiation and 
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Fig. 16.1. Mechanisms 
of action of raloxifene on 
osteoblast ( OBL ), osteoclast 
0 OCL ) and osteocyte ( OCY ) 


by stimulating TGF-beta3 that suppresses osteoclast 
activation, while osteoclastic resorption is inhibited by 
modulation of the OPG-RANKL system. Raloxifene 
decreases serum levels of OPG and RANKL, so that 
these levels can be compared to levels of the markers of 
bone resorption. TGF-beta3 also decreases expression 
of IL-6 which stimulates bone resorption. Raloxifene 
probably also acts on osteocytes, which participate in 
regulation of the maintenance of bone. This physiologi- 
cal pathway of action leads to a completely normal bone 
structure without mineralization defects or increased 
numbers of microcracks. Studies of the pharmacoki- 
netics of SERMs have shown considerable differences 
in their bioavailability. Hepatic, but not renal, impair- 
ment affects their metabolism and there is a possibility 
of interaction with other agents such as warfarin and 
aromatase inhibitors. The main contraindication of ral- 
oxifene therapy is a previous history of thromboembo- 
lism, since studies have shown an increased incidence 
of thromboembolism in patients treated with raloxi- 
fene. One trial has shown that raloxifene improves re- 
nal function in postmenopausal women with diabetes. 
Raloxifene also reduces the levels of various plasma 
lipids and increases that of adiponectin; it slows the 
progression of atherosclerosis. The effects of raloxifene 
in postmenopausal women with chronic kidney disease 
(CKD) were investigated in a multicentre randomized, 
3 -year controlled trial of 7705 postmenopausal women 
with osteoporosis. Adverse effects in each category of 
kidney function were the same in the treatment and 


control groups. The bone mineral density (BMD) at the 
spine and the hip was increased and the risk for verte- 
bral fractures in the patients with CKD was reduced in 
the patients on raloxifene therapy. 

In summary, SERMs now constitute a new approach 
to therapy and have been approved for the prevention 
and treatment of postmenopausal osteoporosis while 
decreasing the risks of cardiac and circulatory disorders 
without the unwanted side effects and risks associated 
with hormone replacement therapy. Raloxifene is con- 
sidered to be suitable for older women, but its possible 
side effects must be taken into account and the patients 
must be informed. In a recent study, SERMs have also 
been tried in men and the results are awaited soon. Rec- 
ommended dosage: 60 mg raloxifene (Evista®) orally 
daily, without restrictions as to when the drug should 
be taken, but preferably with supplements of vitamin D 
and calcium. Raloxifene is the treatment of choice for 
postmenopausal women, especially women with one or 
more of the following factors: 

• High risk for breast cancer or cardiovascular dis- 
eases 

• High risk of vertebral fractures 

• Modest degrees of osteopenia in the postmenopaus- 
al period (age 55-65) 

• Osteoporosis diagnosed by DXA in the postmeno- 
pausal period (age 55-65) 

A recent study was undertaken to investigate the ef- 
ficacy of raloxifene and tibolone on a number of pa- 
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rameters in postmenopausal women, as a substitution 
treatment instead of the hormone therapy which is no 
longer recommended. Tibolone was chosen because it 
is a synthetic steroid with oestrogenic, progesterogenic 
and androgenic activity. The maintenance of skeletal 
muscle strength, BMD, body composition, balance, 
cognitive function and various psychological attributes 
were registered at baseline and monitored at regular 
intervals, i.e. 3, 6, 12 and 24 months. Results of a fi- 
nal follow-up measurement at 30 months are awaited. 
Results of the international Compliance with Raloxi- 
fene (CORAL) study of 1497 postmenopausal patients 
emphasized the fact that the effectiveness of therapy 
was related to the excellent cooperation of the patients. 
Raloxifene also provides additive beneficial effects on 


bone turnover when given together with alendronate 
and teriparatide. 

Other aspects of raloxifene therapy have also been 
investigated, in addition to those on bone. These stud- 
ies include the Raloxifene Use for the Heart Trial, 
and the Multiple Outcomes of Raloxifene Evaluation, 
which demonstrated a reduction in the risk of certain 
breast cancers in patients on therapy with raloxifene. 
These effects were later confirmed by results of other 
investigations. Raloxifene, also in combination with 
tibolone, modulates inflammatory markers such as C- 
reactive protein, II 6, TNF-alpha and other markers. 
Moreover, in vitro studies have demonstrated that ral- 
oxifene is effective against endothelial cell dysfunc- 
tion induced by oxidative stress. 


Peptides of the Parathyroid 
Hormone Family 


17 


Currently available and approved drugs for the therapy 
of osteoporosis inhibit bone resorption. Their great 
clinical value lies in reducing the activity of the os- 
teoclasts and thereby increasing bone mineral density 
(BMD) and reducing fracture risk. But new bone is 
not produced and reduction of fracture risk, although 
highly significant, is rarely more than 50% of the 
baseline risk level. A different therapeutic approach is 
osteoanabolic therapy, with stimulation of new bone 
formation, for which fluoride, strontium ranelate, 
growth hormone (GH), insulin-like growth factor, the 
statins and parathyroid hormone (PTH) are the main 
candidates in humans for short-term administration. 
However, it should be mentioned that continuously 
elevated calcium and PTH levels as in primary hyper- 
parathyroidism (pHPT) affect insulin sensitivity and 
result in increased insulin secretion, but the admin- 
istration of recombinant human PTH (rhPTH) in the 
doses given in osteoporosis does not affect glucose 
homeostasis. 


17.1 

Osteoanabolic Action of PTH - 
Paradoxical Effects Depend on Type 
of Administration 

Parathyroid hormone ( PTH) : This hormone is a prin- 
cipal regulator of calcium homeostasis. It is a poly- 
peptide with 84 amino acids. PTH stimulates release 
of calcium and phosphate from bone and synthesis of 
active vitamin D in the kidney which promotes cal- 
cium transport in the gastrointestinal tract. In addition, 


when given intermittently by injection, PTH stimu- 
lates osteoblastic proliferation and differentiation and 
new bone formation on all available osseous surfaces 
(Fig. 17.1) so that bone size is changed, while the 
number of osteoclasts and bone resorption remain 
unchanged. PTH has been shown to increase bone 
density, strength and connectivity by which it improves 
the microarchitecture of bone (Fig. 17.2). Indeed, it is 
the first treatment for osteoporosis that leads to the 
formation of new bone while preserving the bone’s 
microarchitecture. However, the underlying molecu- 
lar physiology accounting for the true anabolic effect 
of PTH remains unknown. It is also not known why 
intermittent low dose PTH administration differs so 
dramatically from continuous administration in its ef- 
fect on bone cells. Recently, evidence has emerged that 
PTH reduces osteoblast apoptosis, prolonging osteo- 
blast survival and potentiating its function of collagen 
synthesis. Studies on bone biopsies have confirmed 
these findings. Biopsies were taken before and after 
18-36 months of therapy with PTH in both men and 
women. Results showed that PTH stimulates remod- 
elling, resulting in an increased percentage of newly 
formed matrix but of lower mineral density. This would 
indicate that calcium and vitamin D supplements are 
required together with PTH. 

The combination of PTH with calcitriol strength- 
ens its anabolic effect and induces an increase of 10- 
30% in bone density after 1-2 years of treatment. The 
fracture rate is also significantly decreased. In one 
study, PTH (1-34-hPTH) was given subcutaneously 
as a daily injection of 500 IU for 1 year. In another 
trial, hPTH(l-34) was given i.m. once a week with 
similar results. Back pain, nausea and headache were 
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Fig. 17.1. Activation of osteoblasts and production of new 
bone under treatment with teriparatide 

the most common side effects, but these occurred 
infrequently and in a dose-dependent manner. Less 
than 5% of the patients showed increased serum 
calcium levels, but the patients were asymptomatic. 
Moreover, there have been no reported cases of os- 
teogenic sarcomas, and it is reasonable to assume that 
PTH is safe. 

Teriparatide [rhPTH(l-34)] is the first of the bone- 
forming agents and has been approved in Europe and 
the US for treatment of postmenopausal osteoporosis 
and recently also of osteoporosis in men, with a treat- 
ment duration of 18 (Europe) and 24 months (USA). 
PTH stimulates bone formation and thereby induces 
a significant increase in BMD. Studies have already 
shown that age does not affect the efficacy or the safety 
of teriparatide. This PTH fragment is administered as a 
daily subcutaneous injection of 20 meg dose. Adverse 
events include orthostatic hypotension, leg cramps, diz- 
ziness and injection- site reactions. Metabolic changes 


may include hyper- and hypocalcaemia, hyperuricae- 
mia or hypoparathyroidism. A major limiting factor 
with teriparatide is cost - approximately ten times 
the cost of bisphosphonate therapy. After completion 
of the 18 -month course of teriparatide it appears that 
fracture protection persists when followed by an anti- 
resorptive agent (e.g. alendronate). Indeed, the admin- 
istration of an inhibitor of resorption (bisphosphonate 
or raloxifene) after treatment with PTH potentiates its 
skeletal benefit. Moreover, osteoporotic patients with 
previous long-term exposure to antiresorptive agents 
also showed positive effects on BMD and markers of 
bone formation under therapy with PTH. The bisphos- 
phonates previously taken by the patients were alen- 
dronate, risedronate and etidronate. 

Results of many studies have now been reviewed 
and these have demonstrated a significant reduction 
of vertebral and non-vertebral fractures in the treated 
patients, with or without prior antiresorptive therapy. 
Full-length PTH(l-84) is also available and provided 
significant protection against a first vertebral fracture 
in a high-risk population of postmenopausal women 
with osteoporosis. PTH(l-84) also provided significant 
protection against further fractures in women who had 
already experienced one osteoporotic fracture (TOP 
study). PTH(l-84) is administered as a daily subcuta- 
neous injection of 100 meg. The possible adverse side 
effects of the two formulations are similar; hypercal- 
caemia was observed in 14% of the patients treated with 
full-length PTH. More studies are needed to determine 
when and whether PTH monotherapy should be used 
and which patient population would benefit most from 
PTH or teriparatide. It is of interest that case reports 
of individual patients have shown that therapy with 
teriparatide can also enhance fracture healing. 



Normal bone Osteoporosis Teriparatide 

Duration of therapy 1 year 


Fig. 17.2. Changes of 
cortical bone in osteoporosis 
and after treatment with 
teriparatide 


17.1 Osteoanabolic Action of PTH 


151 


Combinations with oestrogens also appear promis- 
ing and are currently under investigation in clinical tri- 
als. The data obtained so far highlights two important 
points: 

• PTH plus oestrogen has a greater effect on bone 
mass than either alone. 

• Combination therapy has beneficial effects on the 
spine and the femur, the two most vulnerable areas 
for subsequent fractures. 

It has already been shown that the combination of the 
anabolic PTH with an antiresorptive bisphosphonate 
or raloxifene is promising. This combination achieves 
a rapid increase in bone density and thus represents 
the most effective anti-osteoporotic therapy available 
today: for example, the use of PTH in combination 
with a modern bisphosphonate to treat glucocorticoid- 
induced osteoporosis. Studies have also recommended 
that treatment with teriparatide should be followed by 
therapy with an antiresorptive agent such as alendro- 
nate or zoledronate. Patients treated with raloxifene 
have shown a more rapid response to PTH than those 
treated with only a bisphosphonate. Other studies have 
shown that treatment with raloxifene after teriparatide 
prevented bone loss at the lumbar spine and increased 
BMD in the femoral neck in postmenopausal women 
with osteoporosis. New analogues of PTH and of 
“PTH-related peptide” are also being tested. A new 
PTH receptor (PTH2 receptor) has recently been de- 
scribed. Results of more studies now underway are 
awaited with interest. 

PTH as an anabolic therapy for osteoporosis will 
soon play a major role, but some questions remain to 
be answered: 

• Which patients are most likely to benefit from 
PTH? 


• Is PTH only indicated in severe osteoporosis, with 
presence of fractures? 

• How long should patients receive PTH? 

• What is the best sequence for combination therapy? 

• Is there a more rapid response to PTH following 
therapy with raloxifene? 

• What is the precise mechanism of PTH’s anabolic 
action on bone? 

However, at least partial answers to these questions 
have been suggested by the results of some of the 
many trials with PTH therapy that have been pub- 
lished in the last year or so. It has been shown that 
teriparatide offers an effective therapeutic option for 
patients who are unresponsive or intolerant to anti- 
resorptive treatment. It is now evident that women 
with severe osteoporosis, especially those who did 
not benefit from therapy with antiresorptive agents, 
are candidates for PTH. Elderly patients as well as 
patients with deformities, limited mobility, chronic 
or intermittent back pain and anxiety and depression 
improved after therapy with teriparatide. Osteopo- 
rotic patients with co-morbidities are also candidates 
for PTH therapy. A study of elderly patients with 
severe involutional osteoporosis recorded the favour- 
able quality-of-life changes these patients underwent 
on therapy with PTH which included the follow- 
ing: 96.5% of the patients were protected from new 
fractures, the BMD increased by about 12% in the 
vertebral column and 11% in the femur, consump- 
tion of NSAIDS was reduced by about 80% and the 
overall quality of life was improved during the 18 
months of therapy and the next 6 months of follow- 
up (according to the Quality of Life Questionnaire 
of the European Foundation for Osteoporosis, the 
QUALEFRO). 


Strontium Ranelate 



Strontium is a divalent cation that is closely chemi- 
cally related to calcium. Strontium ranelate contains 
two atoms of stable strontium and an organic moi- 
ety (ranelic acid). Strontium increases pre-osteoblast 
replication, osteoblast differentiation, collagen type 1 
synthesis and bone matrix mineralization (Fig. 18.1). 
In low doses strontium increases the density of the 
spongy bone. It reduces resorption and stimulates 
formation of bone, leading to a gain in bone mass 
and improved bone mechanical properties (Fig. 18.2). 
In other words, strontium uncouples the activity of 
the osteoclasts and osteoblasts, in favour of bone for- 
mation! Ongoing investigations of its activities have 
revealed other actions, whose overall effects include 
improvements in bone geometry, cortical bone thick- 
ness, trabecular bone morphology among other effects 
on bone quality, all of which enhance the strength of 
the bones. This has been confirmed in human trials 
with increased bone-specific alkaline phosphatase (a 
marker of bone formation) and decreased C-terminal 
peptide (a marker of bone resorption). The increment 
in bone density is comparable to that achieved by 
fluoride: up to 20%. 

It is expected that strontium ranelate may have po- 
tential value in the prevention and treatment of bone 
loss. In the SOTI study, a 49% reduction in risk of new 
vertebral fractures was seen in the first year, and a 41% 
reduction over 3 years. Bone histomorphometry has 
shown normal lamellar bone and normal mineraliza- 
tion. In the TROPOS study there was a reduction of 19 % 
in major fragility fractures. In a subgroup analysis of 
patients at high risk of hip fracture there was a risk re- 
duction of 36%. The results of the prevention PREVOS 
and the treatment STRATOS investigations of stron- 


tium for the prevention of bone loss and the therapy of 
osteoporosis have now been published. The decrease 
in fracture rates observed with strontium ranelate is 
similar to that described for oral bisphosphonates. A 
recent study has shown that strontium ranelate also 
safely reduces the risk of vertebral fractures in women 
with osteopenia with or without a prevalent fracture. 
However, strontium following anabolic therapy is no 
more effective in reducing bone turnover markers than 
calcium/vitamin combined. 

Strontium was well tolerated and the most com- 
mon adverse events were nausea and diarrhoea, 
which are usually reported at the beginning of treat- 
ment. An increase in the incidence of venous throm- 
boembolism (VTE) has been reported, but a causal 
relationship between VTE and the use of strontium 
ranelate has not been established. Effective doses 


Strontium Ranelate 



Fig. 18.1. Strontium ranelate has two distinct effects: (a) an 
increase in formation of bone and ( b ) a decrease in resorption 
of bone 
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Before strontium ranelate 




Fig. 18.2. Deposition of strontium in the 
hydroxyapatite crystals between the collagen 
fibers 


After strontium ranelate 



were 1 g daily for prevention and 2 g daily for ther- 
apy. The absorption of strontium ranelate is reduced 
by food and milk and the drug should be adminis- 
tered therefore between meals. Ideally, it should be 
taken at bedtime, preferably at least 2 h after eating. 
No dosage adjustment is required in relation to age or 
moderate renal impairment. However, in vitro stud- 


ies have revealed a complicated dose-dependent ac- 
tion of strontium on bone cells and further studies 
are needed for clarification. 

Strontium, with a higher atomic number than cal- 
cium (38 versus 20), will absorb more X-rays and 
therefore results in an overestimation (up to 50%) of 
the increase in bone density using DXA methods. 



Calcitonin and Fluoride 



Calcitonin is a polypeptide hormone produced by the 
parafollicular C cells of the thyroid. It inhibits the os- 
teoclasts by binding to specific receptors on the cell 
surface. Calcitonin can be given as a subcutaneous in- 
jection or in nasal-spray form. However, use of calcito- 
nin is limited because of its side effects such as feelings 
of heat and nausea with injection, and mucosal irritation 
with the nasal spray. However, the drawbacks of fre- 
quent injections and the high costs if nasal application 
preclude the long-term use of calcitonin as a first-line 
therapy of osteoporosis. The most valid indication for 
calcitonin today is the acute, intractable pain caused by 
a vertebral fracture, although even here its use is limited 
because of the superior results of intravenous bisphos- 
phonates. On the other hand, calcitonins are physiologi- 
cal peptides which can be metabolized and therefore are 
not retained in the body. Toxic effects have not been 
reported. Calcitonins are therefore suitable for children 
and during pregnancy and breast-feeding. Calcitonins 
target the active osteoclasts and thereby reduce resorp- 
tion, but have little effect on osteoblasts, so that there 
has been speculation that it could lead to a continuously 
positive bone balance. Efforts are currently underway 
to produce an oral formulation to improve patient ac- 
ceptance and compliance, which would enable clinical 
trials of its efficacy. Consequently, calcitonin may not 
yet be a “drug of the past”. 

On the contrary, a recent trial of 126 male and 130 
female patients on maintenance dialysis were treated 
with salmon calcitonin, 50 U three times weekly by 
subcutaneous injection for 18 months. The calcitonin 
was well tolerated and effectively increased the BMD 
of the treated patients. 


Fluoride is still used in some countries for the treat- 
ment of osteoporosis because of economic consider- 
ations, but its role in the prevention of fractures has not 
been confirmed in clinical trials. The recommended 
dose ranges from 20 to 200 mg sodium fluoride daily 
(elementary fluoride constitutes half of this amount): 
There is general agreement that fluoride stimulates os- 
teoblastic bone formation and thereby increases bone 
mass. But mechanical resistance of the newly formed 
bone is poor and it is even liable to fracture easily. 
Fluoride is incorporated into the crystal instead of the 
hydroxyl group in hydroxyapatite, thereby changing 
crystal size and conformation, which in turn produces 
poor quality woven bone (Fig. 19.1 a,b). A high dos- 
age of fluoride results in increases in bone density, 
but vertebral fractures are not significantly reduced. 
Moreover, especially with high doses, there are seri- 
ous adverse reactions: 

• Gastrointestinal side effects: epigastric complaints, 
vomiting and diarrhoea. 

• Fower extremity pain syndrome (FEPS): pain in the 
hips, knees and ankles. The cause may be delayed 
microcallus formation in the affected areas of these 
bones. 

• Iatrogenic fluorosis: severe cases can be identified 
on X-rays as overgrowth and thickening of the bone 
(Figs. 19.2 and 19.3). This may be due to incor- 
rect treatment. The patient sometimes increases the 
dose without medical advice because of continu- 
ing complaints and pain. However, it is not known 
whether there is an individual tendency to develop 
fluorosis. 

• Exostoses and calcium deposits in the ligaments. 
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19 Calcitonin and Fluoride 



Fig. 19.1a, b. Bone quality under therapy, (a) Normal lamellar 
bone under long-term therapy with bisphosphonates. (b) Al- 
tered lamellar bone structure with topographic disorganization 



19.2. Iatrogenic fluorosis with thickening of bone 



Fig. 19.3. Iliac crest biopsy of a patient with fluorosis showing 
marked osteosclerosis of the whole biopsy 


The latest clinical trials indicate that much lower doses 
(e.g. 15 mg daily) should be given over 3-4 years 
and always together with vitamin D and calcium. It 
is not known whether intermittent fluoride has any 
advantages over continuous administration, and the 
long-term effects have also not yet been clarified. 
Slow-release sodium fluoride at a lower dose (50 mg/d) 
appeared to be associated with reduction of fracture 
risk in one study, but confirmation of these results is 
not yet available. These and other questions will prob- 
ably be answered when results of the present ongoing 
studies become available. In the meantime, a recently 
published meta-analysis has shown that in subgroup 
analyses a low fluoride dose was associated with a 
significant reduction in fracture risk. Daily dosage 
is an important issue for the anti-fracture effect of 
fluoride, but not for the occurrence of lower extremity 
pain syndrome. However, because of the various side 
effects and the availability of other efficacious agents, 
fluoride treatment is presently not recommended and 
also not approved by the FDA for the treatment of 
osteoporosis. 



Combination and Sequential Therapies 



When the response to a medication is inadequate or 
ineffective, the doctor in charge will either change 
the drug or substitute it with another with a different 
mechanism of action in order to achieve a satisfac- 
tory therapeutic result. In this context, the example 
of the treatment of established high blood pressure is 
relevant. The patient usually receives several medica- 
tions with different mechanisms of action in order to 
decrease the blood pressure to the desired level on 
the one hand, and to minimize the side effects on the 
other. Although it would appear that this strategy is 
also applicable to the treatment of osteoporosis, some 
specific problems have arisen, particularly with moni- 
toring the therapy. In clinical practice, the parameters 
currently widely applied for monitoring the efficacy 
of osteoporosis therapy - bone density and markers 
of bone remodelling - are in fact not reliable when it 
comes to evaluating the efficacy of therapy - that is, 
specifically, reduction in the rate of fractures. 

Various studies have demonstrated that patients on 
therapy may definitely have a reduction in fracture 
risk even in the absence of a demonstrable increase 
in bone density. Moreover, changes in levels of mark- 
ers of bone resorption under antiresorptive therapy do 
not always correlate with the fracture risk. In addition, 
there are considerable differences between the effects 
of the various antiresorptive agents. For example, 
there may be little change in markers of resorption 
and/or bone density under therapy with raloxifene, but 
accompanied nevertheless by considerable reduction 
in risk of vertebral fractures and even the occurrence 
of a fracture does not automatically indicate a “non- 
responders”. It is clear, then, that fractures may occur 
in patients with manifest osteoporosis in spite of the 


fact that the therapy is effective; however, the doctor 
in charge has a tendency to prescribe an additional 
medication when there is no measurable increase in 
density or a new fracture occurs. Obviously, these 
considerations raise the question as to whether therapy 
with two antiresorptive drugs, or with a combination 
of antiresorptive/osteoanabolic medications, is prefer- 
able. Studies carried out so far with this combination 
therapy investigated bone density and bone remodel- 
ling markers, but unfortunately not the reduction in 
fracture risk - the decisive clinical parameter! 

Combination of two antiresorptive agents results 
in a more pronounced decrease in bone resorption 
which induces a greater increase in bone mineral 
density (BMD), than either drug alone. But studies 
of patients on this type of combination therapy uti- 
lized bone density measurements and bone remodel- 
ling markers as parameters and not, unfortunately, the 
reduction in fracture risk - a decisive clinical crite- 
rion! The combination of selective oestrogen-receptor 
modulators (SERMs) and bisphosphonates also pro- 
vides an additive increase in BMD, but again, the use 
of this combination remains questionable in terms of 
fracture reduction and also from a pharmaco-eco- 
nomic perspective. There are data for combinations 
of raloxifene with bisphosphonates, but again without 
information on the reduction of fracture risk. 

If hormone replacement therapy (HRT) is used 
for a limited period of time for the management of 
climacteric symptoms, concomitant use of bisphos- 
phonate may provide a further reduction in bone turn- 
over and an additional increase in BMD. Studies have 
shown that such a combined-treatment group had a 
significantly greater increase in spinal and femoral 
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neck BMD than the increase in BMD seen by either 
oestrogen or alendronate alone. A greater effect on 
BMD also occurred with combined oestrogen and 
risedronate, than with either one alone. According to 
McDermott, adding a bisphosphonate to ongoing HRT 
should be considered in four clinical scenarios: 

• Patients who sustain a fracture without an identifi- 
able cause. 

• Patients who show reduced BMD without an iden- 
tifiable cause. 

• Patients with persistently elevated NTX (CTX) 
without an identifiable cause. 

• Elderly patients with BMD hip T score <-2.5, who 
have an increased risk of hip fracture. 

In patients previously treated with HRT, several tri- 
als have examined the effect of adding parathyroid 
hormone (PTH) and have shown significant increases 
in spinal BMD, suggesting that the prior exposure to 
the antiresorptive HRT does not blunt a subsequent 
response to PTH. Therefore, patients pre-treated with 
inhibitors of bone resorption who have not achieved 
a full therapeutic response are good candidates for 
treatment with anabolic agents. 

Another important question is whether the combi- 
nation of a bisphosphonate and PTH would provide 
a therapeutic advantage, but results of trials reported 
so far have not provided any evidence of synergy be- 
tween bisphosphonates and PTH, either in postmeno- 
pausal women or in men. Consequently, if therapy 
with PTH is contemplated, it should be given alone 
and not together with a bisphosphonate. However, the 
administration of an antiresorptive agent after treat- 
ment with PTH maintains or even potentiates the skel- 
etal benefit which accrued during prior PTH therapy. 
Black et al. (2005) have demonstrated that increases 
in BMD during 1 year of treatment with PTH appear 
to be rapidly lost after therapy is stopped (Fig. 20.1). 
However, treatment with alendronate immediately af- 
ter the discontinuation of PTH, further increased the 
BMD in the following year. Therefore, treatment with 
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Fig. 20.1a, b. Treatment with alendronate (ALD) immediately 
after the discontinuation of parathyroid hormone (PTH). Re- 
sorption marker (CTX) (a) and bone mineral density (BMD) 
of the total spine (b) 


PTH should be followed by antiresorptive therapy 
to consolidate the gains made during treatment with 


PTH. 


Future Directions 



Leptin : This is a hormone with many diverse func- 
tions. It is produced by fat cells, acts as a “saturation 
hormone” and influences glucose metabolism and the 
production of sex hormones. It has long been known 
that sex hormone deficiency stimulates bone resorp- 
tion while overweight inhibits it. This underlies the 
speculation that bone mass, body weight and sexual 
glands are regulated by a common mechanism in the 
brain. Attempts are currently underway to influence 
the level of leptin or its receptors and thereby develop 
a novel way to treat osteoporosis. 

Growth factors'. These are produced primarily by 
cells in the bone marrow and regulate proliferation, 
function and interactions of bone cells. There are 
various regulators of bone formation, such as para- 
thormone, insulin, growth hormone and cortisone, 
which all function by stimulation of growth factors 
in particular bone cells. In one clinical trial, bone 
formation was increased simply by the administra- 
tion of one of these factors. It is anticipated that in 
the not-too-distant future, individually “tailored” 
growth hormones will be administered for the dif- 
ferent types of osteoporosis. Prostaglandins also 
modulate metabolism of bone. PGE2 has a distinctly 
anabolic effect on trabecular bone - presumably by 
stimulation of proliferation and differentiation of the 
precursors of osteoblasts. 

Vitamin D3 analogues : novel analogues have been 
synthesized and examined for their action on bone. 
In vitro studies showed that such analogues act on 
osteoblasts to suppress RANKL- dependent forma- 
tion of osteoclasts, so that they could be considered as 
potential candidates for the therapy of pathologically 
increased resorption. 


Statins’. These are given for lowering concentra- 
tions of fat and cholesterol in the blood. Women who 
were treated with statins showed a higher bone den- 
sity and a lower fracture risk than comparable women 
who had not been treated with statins. Animal studies 
have shown that statins shorten the life span of osteo- 
clasts and thereby inhibit resorption of bone. Should 
this positive action of statins on bone be confirmed, 
then statins could become an effective drug for the 
prevention of arteriosclerosis and osteoporosis. But 
statins have one disadvantage: they act on the liver and 
therefore will never replace the bone-specific bisphos- 
phonates in the treatment of osteoporosis, although 
the mechanism of action of the two drugs is similar. 
When administered orally, the statins are almost total- 
ly cleared during their first passage through the liver. 
It is still unclear how the statins reach the bone and 
how they affect bone turnover. It is also still a mystery 
how the statins can stimulate bone formation while the 
bisphosphonates, utilizing the same pathway, inhibit 
bone resorption. Nevertheless, in the future, specific 
statins selected for their high affinity to bone may be 
useful agents for the prevention or treatment of osteo- 
porosis. The indications for such agents will be varied 
and numerous if they benefit both the skeleton and the 
cardiovascular systems. 

Tetracyclines (chemically modified tetracyclines, 
CMTs): These prevent bone resorption by inhibition 
of matrix metalloproteinases, as well as induction of 
apoptosis in osteoclasts. The possible applications and 
risks of these agents are being tested in clinical trials. 

Shorter acting antiresorptives: Denosumab, ca- 
thepsin K inhibitors, integrin- antagonists and prosta- 
glandins : These newer antiresorptive agents may alter 
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osteoclast function with a much shorter biologic half- 
life and bone residence time than the bisphosphonates. 
They have short duration of activity and are not stored 
in human tissue. 

Denosumab is a specific, high affinity, human 
monoclonal antibody to RANKL, and as such is a 
representative of “targeted” therapy (Fig. 21.1). It has 
demonstrated potent inhibition of bone resorption and 
increases in bone mineral density (BMD) with a twice 
yearly subcutaneous injection. Phase III trials with 
fracture incidence as end point are ongoing and the 
results are awaited with interest. Denosumab also in- 
teracts with immune cells and therefore could have sys- 
temic effects which could secondarily influence bone 
metabolism. Its efficacy in malignancy-induced bone 
loss has already been demonstrated, and initial studies 
of denosumab in rheumatic disorders are also promis- 
ing. Integrin and prostaglandins may also offer means 
of inhibiting osteoclast-mediated bone resorption. 

Cathepsin K is an osteoclast-mediated product that 
is required to participate in the degradation of type I 
bone collagen. Anti- cathepsin K (odanacatib) is already 
in phase III clinical development programs for the in- 
vestigation of its potential as an inhibitor of bone re- 
sorption. Results of a 12-month phase IIB study with 
odanacatib, 50 mg once weekly, demonstrated a signifi- 
cant increase of 3.4% in lumbar spine BMD, reduction 
of 57% in sCTX and of 18% in sBSAP (bone-specific 
alkaline phosphate). This modest decrease in bone for- 
mation could be used to differentiate cathepsin K in- 



Fig. 21.1. Three-dimensional structure of a denosumab mol- 
ecule 


hibitors from other antiresorptives and combinations 
with osteo-anabolic agents. Cathepsin K inhibitors 
could also be used for preventing or treating osteoar- 
thritis and metastatic bone disease. They can be taken 
orally once a week. The potential therapeutic utility of 
using integrin inhibitors to interfere with integrin-me- 
diated events in osteoporosis and other metabolic and 
metastatic bone diseases is both exciting and promis- 
ing. Osteoclast adhesion involves several integrins and, 
therefore, integrin antagonists may be a logical mecha- 
nism-based approach to therapy of osteoclastic bone 
resorption in osteoporosis and bone metastases. 

Future directions : In all the current pharmacologic 
approaches to osteoporosis, whenever decreases or in- 
creases in the activity of one cell line are induced, the 
changes in the same direction occur in the “coupled” 
cell lines. Thus, whenever an antire sorptive agent re- 
duces bone resorption by inhibiting differentiation 
and / or function of osteoclasts, there will also be a re- 
duction in osteoblast function. Likewise, whenever os- 
teoblast function is increased, there will be an increase 
in osteoclast function. This linkage limits the current 
therapies for osteoporosis. Future agents which could 
“uncouple” these activities, even temporarily, would 
enable unopposed bone formation, thus attaining great- 
er increases in BMD and more directed modulation of 
bone architecture to improve bone strength. Pharma- 
cologic intervention in the control of osteocytes, the 
most abundant cells in bone, is a further interesting and 
promising target in bone research. 

ANGELs (activators of non-genomic oestrogen 
ligands) is another new paradigm of biology that is 
being investigated and may prove to be an entirely 
new approach to modulation of skeletal tissue. 

Oxytocin promotes osteogenesis at the expense of 
adipogenesis, and animal experiments have shown that 
administration of oxytocin to ovariectomized mice re- 
versed bone loss and reduced marrow adiposity. Appli- 
cation in humans is under investigation, both as a serum 
marker for osteoporosis and as a potential therapy. 

Many other potential points of possible interven- 
tion in the complex mechanisms in control of skeletal 
metabolism are under investigation. To give but a few 
examples: different polymorphisms in steroid hor- 
mone receptors, delivery systems for bone morpho- 
genetic proteins to induce the generation of new bone 
in special circumstances and injection of autologous 
mesenchymal stem cells - such as osteogenic cells - to 
augment healing processes in bone. 




Adherence and Monitoring 
of Osteoporosis Therapy 



22.1 

Adherence to Treatment 

Non-adherence to medical treatment or lack of perse- 
verance over time is a worldwide health problem in all 
chronic conditions, especially asymptomatic ones. It 
has been estimated that only 50% of patients comply 
with long-term therapy. A large proportion of patients 
discontinued treatment with bisphosphonates, and a 
majority of these did not even renew their first pre- 
scription. Adherence, although enhanced by less fre- 
quent dosing, was suboptimal in all of its aspects, i.e. 
acceptance, persistence and compliance (Fig. 22.1). 
Furthermore, risk of non-adherence increases with 
increased duration of treatment. In osteoporosis and 
osteopenia, non-adherent patients have smaller de- 
creases in rates of bone turnover, smaller increases 
in bone mineral density (BMD) and a greater risk 
of fracture. Patients may be encouraged to adhere 
when presented with results of measurements of BMD 
or bone turnover indicating the positive effects of 
therapy. Compliance is also increased by utilization 
of simplified and user-friendly treatment modalities 
such as tablets given weekly or monthly, and infusions 
given every few months or annually. When discuss- 
ing adherence or non-adherence, three definitions are 
usually used in the literature: 

• Persistence: indicates for how long the drug is 
taken. 

• Compliance: indicates the proximity to the treat- 
ment recommendations as given in the official prod- 
uct information. 

• Primary non-adherence: when the patient has never 
taken the prescribed drug. 


Studies have shown that the regular analysis of markers 
of bone turnover as well as annual dual- energy X-ray 
absorptiometry (DXA) tests to monitor bisphospho- 
nate therapy increase persistence. Therefore, measure- 
ments of markers after a few months of therapy may 
provide useful information on efficacy of the therapy 
and improve persistence. One large study was designed 
to compare adherence rates between patients with 
one or more of seven different conditions. The results 
showed that adherence rates for osteoporosis medica- 
tions were among the lowest (36.8%). Younger patients 
(<60 years) had poorer adherence than older ones, and 
as co-morbidities increased, adherence among subjects 
with osteoporosis decreased. A population-based study 
carried out in Canada (Perrault 2008) found that only 
2% of women with prior fractures were on long-term 
therapy with antire sorptive drugs. However, results of 
a recent investigation in Denmark in 2008 showed that 
persistence has improved, both in men and women. 
One large scale study of 4994 postmenopausal women 
in 33 states in the US (the Prospective Observational 
Scientific Study Investigating Bone Loss Experience) 
has been initiated to evaluate the impact of character- 
istics of patients and their doctors on compliance and 
persistence with osteoporosis medications. Results are 
awaited at the end of 2008. 


22.2 

Monitoring Treatment 

Patients who are not on drug therapy should be checked 
and evaluated at regular intervals, taking into consid- 
eration the baseline values established at diagnosis, 
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as well as the patient’s individual risk factors. Bone 
density (DXA) should be checked every 1-2 years 
(Fig. 22.2). A documented decrease in height of more 
than 2 cm or acute back pain could be symptomatic 
of a fracture. In such cases, immediate radiological 
investigation is required, as are further measures as in- 
dicated by the results. Since the goal of drug therapy in 
a patient with osteoporosis is to increase bone strength 
and so decrease the fracture risk, the efficacy of os- 
teoporosis-specific agents is monitored by means of 
changes in BMD and biochemical markers (BCM) of 
bone turnover, although neither is a perfect indicator of 
response to therapeutic interventions. Patients on drug 
therapy should initially be checked every 3-6 months 
for the first 2 years and subsequently at 6-12 months. 


To evaluate the efficacy of the therapy administered, 
measurements of bone density are only partially valid, 
but nevertheless should be checked every 2 years. A 
lack of increase in bone density does not necessarily 
imply reduction of fracture risk (Fig. 22.3). However, 
in some medical centres, annual DXA measurements 
are preferred for the following reasons: 

• To encourage regular intake of the tablets 

• To emphasize the necessity of long-term therapy 
measured in years 

• To motivate the patient by demonstrating the in- 
crease in bone density. 

Psychology has always been an important intrinsic fac- 
tor in the success of medical treatment. The patient’s 


Patients percentage 



Fig. 22.1. Evidence of better 
compliance with alendronate 
( ALD ) weekly versus alendro- 
nate daily 
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Fig. 22.2. Continuous 
increase of bone mineral 
density {BMD) of the lumbar 
spine (L1-L4) under 
bisphosphonate therapy. 
Annual monitoring using 
DXA measurement 
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Wasnich-Miller Cummings et al. 

Fig. 22.3. Two meta-analyses showing the relationship bet- 
ween change vs. no change in vertebral bone mineral density 
(. BMD ) and reduction in vertebral fractures (Data from Was- 
nich R, Miller P [2001] Antifracture efficacy of antiresorptive 
agents is related to changes in bone density. J Clin Endocrinol 
Metab 87:1586-1592; Cummings S, Karpf D, Harris F et al 
[2002] Improvements in spine bone density and reduction in 
risk of vertebral fractures during treatment with antiresorptive 
drugs. Am J Med 114:281-289) 

preferences must always be taken into consideration 
if at all possible, in particular type and frequency of 
administration. With long intervals, the following are 
advised: regular communication between patient and 
doctor, possibly reminders of when the next dose is 
due and, as indicated above, blood tests for bone turn- 
over markers or BMD measurements of crucial bone 
areas, e.g. hip or vertebra, to encourage patients by 
demonstrating progress. The details of the long-term 
monitoring of patients on antiresorptive and osteo- 
anabolic therapy are outlined below. When dealing 
with the assessment of response to therapy, racial 
and ethnic differences may occasionally be observed 
due to the polymorphisms in the vitamin D receptor 
(VDR) and in the oestrogen receptor- alpha (ER-alpha) 
loci, which may vary in different populations. 

22.3 

Monitoring Antiresorptive Therapy 

It is now recognized that the increase in bone strength 
induced by antiresorptive treatment is only partly due 
to the increase in bone density. The reduction in the 


rate of fractures is also dependent on additional pa- 
rameters, but these cannot as yet be accurately as- 
sessed by the application of current methodology. 
These factors include: 

• Increase in extent of mineralization 

• Reduction in the rate of osseous remodelling 

• Repair and refill of the resorption pits 

• Stabilization of the trabecular microstructure 

• Changes in cortical bone remodelling 

• Changes in bone geometry. 

Meta-analyses of large randomized trials have retro- 
spectively investigated the relevance of bone density 
and the levels of markers of bone remodelling in the 
reduction of vertebral and non-vertebral fractures. 
Two meta-analyses concluded that 24-54% of the 
reduction in vertebral fractures was due to the in- 
crease in bone density, while the reduction in non- 
vertebral fractures was attributed almost entirely to 
the increase in bone density. The observations also 
indicated a close correlation between the increase 
in bone density and the decrease in markers of bone 
remodelling; changes in bone turnover markers have 
been confirmed as reliable and significant indicators 
for the assessment of response to therapy. Obvi- 
ously, reduction in bone remodelling can also lead 
to changes in microarchitecture as well as in bone 
strength, but neither of these is necessarily mani- 
fested by changes in bone density. After treatment 
with alendronate, increases in BMD at both the joint 
and hip were associated with reductions in the risk 
of non-vertebral fractures. However, for patients 
treated with risedronate or raloxifene, changes in 
BMD did not reliably predict the degree of reduction 
in vertebral (raloxifene) or non-vertebral (risedro- 
nate) fractures. In these cases, the monitoring can 
be accomplished by using the parameters of anti- 
resorptive therapy. Recent up-to-date studies have 
demonstrated that changes in biochemical markers 
of bone remodelling under therapy more sensitively 
reflect the decrease in fracture rate as a result of the 
antiresorptive therapy. However, to what extent these 
investigations will be applicable in routine practice 
is still an open question. One important advantage 
of the application of osseous markers in monitoring 
is that “non-responders” can be recognized after 
only 1-3 months of therapy. The LSC (least signifi- 
cant change) is 25% for markers of bone formation, 
and 40-65% for those of bone resorption. When the 
resorption markers decrease by about one-third of 
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the initial value (i.e. at diagnosis) the following as- 
sumptions can be made: 

• The patient has taken the medication. 

• The medication has been adequately resorbed. 

• A biological effect on the bone has occurred. 

In clinical trials, the “response” rate to bisphospho- 
nates proved to be more than 90%. 

22.4 

Monitoring Osteo-anabolic Therapy 

When the bones to be measured have enlarged under 
osteo-anabolic therapy, the actual increase in bone 
mass (bone mineral content, BMC) is not demonstrat- 
ed in the results of a DXA measurement, since this is 
based on the following equation: BMD = BMC/Area 
(g/cm 2 ). Consequently, the relatively lower density 
indicated by the DXA measurement is not a result of 
loss of bone mass, but is due to enlargement of the 
ossified area measured. The clinical relevance of this 
apparently paradoxical effect was demonstrated in a 
study with teriparatide. A head-to-head comparison 
of the density of the forearm was carried out using 
the results of DXA and peripheral quantitative com- 
puted tomography (pQCT) measurements. While on 
therapy with teriparatide, the forearm was enlarged 


as shown by pQCT as well as by three-dimensional 
analyses of bone biopsies. In contrast, lower values 
were obtained with DXA measurements. Neverthe- 
less, bone strength was increased and the fracture rate 
of the forearm was reduced. Moreover, similar results 
were obtained on measurements of the hip bones. 
The increase in osseous remodelling stimulated by 
parathyroid hormone (PTH) therapy first results in 
endosteal bone formation together with “trabecular- 
ization” of the cortical bone. Shortly thereafter, sub- 
periosteal bone formation leads to enlargement of the 
contour of the bone as well as an increase in bone 
mass. During the first year of therapy, this struc- 
tural change is reflected in the DXA measurement 
as a reduction in bone density (BMC/Area), while 
the pQCT measurements more accurately reflect the 
positive effects of PTH therapy. However, when cor- 
rectly interpreted, DXA can still be considered the 
“Gold Standard” even for monitoring the effects of 
osteo-anabolic therapy. Increases in BMD account 
for approximately one -third of the vertebral fracture 
risk reduction with teriparatide. A larger proportion 
(up to 74%) of the antifracture efficacy of strontium 
ranelate might be explained by changes in BMD of 
total hip. BMD monitoring in patients treated with 
osteo-anabolic agents appears to be more informative 
than results of monitoring when patients were treated 
with antiresorptive substances. 


Osteoporotic Fractures 




23.1 

Fragility Fractures 

The US National Osteoporosis Foundation estimates 
that currently 25 million Americans are affected by 
osteoporosis and are at heightened risk for skeletal 
fractures, especially spinal and hip fractures. The 
number of individuals who will suffer from osteopo- 
rosis and fractures will rise as the worldwide popu- 
lation of people over 60 years of age increases from 
about 540 million to more than 1 billion by the year 
2020. Even with the emergence of highly efficacious 
treatments for osteoporosis, such as modern bisphos- 
phonates, fractures are only reduced by about 50%, 
leaving the other 50% to suffer the consequences. 
Not only are osteoporotic fractures debilitating, they 
also have a high mortality rate. Swedish studies have 
concluded that more than 1% of all deaths are causally 
related to hip fractures. It has been estimated that 


In collaboration with Christoph Bartl MD, Department of Ortho- 
paedic and Trauma Surgery, University of Ulm, Germany 


about 25% of people over 50 years of age who suffer 
a hip fracture die within 1 year of that fracture, most 
in the first 3-6 months. Improved therapeutic inter- 
ventions to accelerate and ensure healing are needed. 
Fractures can occur at many sites in the skeleton, 
but are most frequent in the hip, spine and wrist. 
Associated clinical complications include pain, dis- 
ability, deformity and postural changes, particularly 
with vertebral compression fractures. These so-called 
fragility fractures result from low-level trauma that 
would not normally cause bone to fracture. In the 
US alone, osteoporosis is responsible for over 2 mil- 
lion fractures annually: 700,000 vertebral fractures, 
300,000 hip fractures and 250,000 wrist fractures. 
Simple activities such as bending over to pick up a 
piece of paper or sneezing can cause a fracture in a 
patient with osteoporosis. Though vertebral fractures 
are the most common, hip fractures have particu- 
larly high morbidity and mortality rates (20-25%). 
Fractures are more common in females than cancers 
of the breast, uterus and cervix combined. The es- 
timated lifetime risk of a fragility fracture after the 
age of 50 is 40% for women and 13% for men. One 
out of six women will suffer a hip fracture during 
her lifetime. 

In conclusion, the burden of osteoporosis for 2005 
was estimated at >2 million incident fractures, with 
direct medical costs of about $17 billion in the US. 
Non-vertebral fractures accounted for 94% of costs 
and 73% of fractures. Almost 30% of fractures and a 
quarter of the total cost are borne by men. By 2025, 
annual fractures and costs are projected to grow by 
50% and will surpass 2 million fractures and $24 bil- 
lion, respectively. 
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23.2 

Fractures and the Healing Process 

In osteoporotic patients, a minor trauma may cause 
extensive injury to bone with displacement, haem- 
orrhage and clot formation; or it may affect only 
a small number of trabeculae without spectacular 
displacement or pain. Minute breaks or cracks (“mi- 
crofractures”) occur chiefly in weight-bearing bones, 
especially the vertebrae, usually after marked bone 
loss as seen in osteoporosis. Sometimes only a single 
trabecula is involved, as demonstrated in bone biop- 
sies. However, in iliac crest biopsies recognition of 
cracks may be difficult. It should be mentioned that 
these cracks are the result of the daily “wear and 
tear” as the body gets older, and not of a specific 
external trauma or fall. Major fractures are always 
accompanied by bleeding, and subsequent organi- 
zation of the clot is an integral part of the unique 
and highly complex healing process (Fig. 23.1a,b). 
Bone, bone marrow, periosteum, surrounding mus- 
cles, nerves and blood vessels each contribute to the 
healing process. Fracture healing may be considered 
to be complete when: 

• The fracture line is no longer seen on radiology 

• Histology demonstrates restoration of the anatomi- 
cal architecture 

• The bone strength has recovered its mechanical 
strength 

In brief, the following is the main sequence of events in 
fracture healing - both in normal and in osteoporotic 
bones (Fig. 23.2): 


Intensity 

Inflammation phase 10% 

M 

Reparative Remodelling \ 

phase 40% phase 70% \ 

Time 

Fig. 23.2. Durations of the inflammatory, reparative and re- 
modelling phases in fracture healing 

• Inflammatory phase , with an immediate and in- 
tense inflammatory reaction to the necrotic mate- 
rial: haemorrhage, vasodilatation and exudation of 
plasma. During the next few days, the haemorrhagic 
area undergoes organization. Interestingly, it has 
been shown that this tissue has osteoblastic poten- 
tial. The necrotic tissue is removed by phagocytosis 
and lysosomal breakdown. 

• Reparative phase , this is characterized by the for- 
mation of callus, a complex tissue composed of fi- 
brous, cartilaginous and osseous elements, derived 
from and produced by the surrounding mesenchymal 
cells. This matrix, or early callus, consists of collagen 
and proteoglycans. At about the same time, within 
a week, blood vessels begin to proliferate, bringing 
nutrients, hormones and growth factors. The progres- 
sion of soft, fibrous callus to hard, bony callus (woven 
bone) occurs by mineralization of the matrix (osteoid) 
and by enchondral ossification. Within 3-6 weeks the 
new bone has acquired a trabecular pattern, which 
may be observed in bone histology. 

• Remodelling phase , this is characterized by conver- 
sion of the woven bone to lamellar bone over a period 



Compacta Spongiosa 

Fig. 23.1 a,b. Sequence of repair of the hole made in bone by taking a bone biopsy, (a) Histology, from the blood clot (left) to 
the lamellar bone (right), Gomori staining, (b) Schematic representation of the sequence 
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of months or even years. Under bisphosphonate thera- 
py, there may be some delay in bone remodelling, but 
not at the cost of the quality and strength of the final 
lamellar bone. The repaired bone slowly regains its 
original shape and strength. Resorption of the callus 
is primarily due to the osteoclasts which in turn are 
controlled by mechanical and electrical factors, re- 
sponsible for the stimulation of cellular proliferation 
and activity, as well as morphological changes. 

Studies of an osteoporotic rat model have provided 
evidence of altered fracture healing in osteoporotic 
bone , which may have important implications in eval- 
uating the effects of new treatments for osteoporosis 
on fracture healing. In the osteoporotic, ovariecto- 
mized rat, histomorphological analyses revealed a 
delay in healing of callus with poor development of 
mature bone. Meyer et al. (2008), also in a study of 
female rats, showed that both age and ovariectomy 
impaired the normalization of mechanical properties 
and the accretion of mineral by the fracture callus 
during healing of osteoporotic fractures. In contrast, 
it has been shown that direct application of ultrasound 
may accelerate the healing process by stimulating 
bone formation. 

23.3 

Effects of Drugs and Lifestyle on 
Fracture Healing 

Antiresorptive agents are widely used for the treat- 
ment of osteoporosis in postmenopausal women. 
However, inhibition of bone resorption secondarily 
suppresses bone formation, which results in a sub- 
stantial reduction in bone turnover, as confirmed by 
a 90% reduction in activation frequency after 2 years 
of alendronate treatment in women. Furthermore, 
bisphosphonates have a high affinity for mineral and 
their skeletal half-life in bone is very long - about 
12 years in humans. Since patients with osteoporosis 
are prone to fractures and because bisphosphonates, 
oestrogen and selective oestrogen receptor modula- 
tors (SERMs) suppress bone remodelling, animal and 
clinical studies are required to investigate the effects 
of these antiresorptive agents on the healing of frac- 
tures. Animal experiments had previously shown that 
high doses of etidronate interfered with the healing 
and mineralization of fractures. This does not apply to 
the modern aminobisphosphonates (third generation ), 


which can be taken without increased risk by patients 
with osteoporotic fractures. In addition, animal ex- 
periments have shown that, under therapy with the 
modern bisphosphonates: 

• Both the formation of callus and its calcium content 
were increased, which could be attributed to the 
inhibition of bone resorption. 

• The process of callus remodelling from the irregular 
woven bone to the well-organized lamellar bone may 
be delayed under long-term therapy with bisphospho- 
nates. The consequence may be a normal radiological 
disappearance of the fracture line and a normal res- 
toration of the anatomical architecture, but a delayed 
mechanical recovery of bone strength. 

• Long-term continuous treatment with bisphospho- 
nates did delay the process of fracture healing, espe- 
cially under high doses, but did not impair the long- 
term recovery of the bone’s mechanical integrity. 

However, recent clinical studies have reported on the 
increased prevalence of subtrochanteric fractures in 
patients taking bisphosphonates for the long-term 
treatment of osteoporosis. Non-traumatic, non-patho- 
logic fractures of the femoral shaft with a simple trans- 
verse pattern and hypertrophy of the diaphyseal cortex 
in patients taking alendronate have been described. On 
the basis of these studies, the authors recommended 
that patients having sustained a fracture should stop 
taking alendronate and that patients receiving long- 
term treatment should be carefully monitored. 

Although the effects of PTH are also associated 
with bone resorption, the response of osteoclasts to 
parathyroid hormone (PTH) is mediated through os- 
teoblastic activity - so that the characteristic effects 
of PTH are anabolic. Several recent reports have ex- 
amined the effects of PTH on fracture healing and all 
showed significant increases in both histological and 
mechanical properties of the callus with a positive ef- 
fect on fracture healing. 

Cytokines and small molecular mediators such as 
prostaglandins play key roles in cellular immune func- 
tion, but also in the initiation of the process of fracture 
repair. One of the best studied examples, showing the 
crucial role of these factors during repair of bone, 
concerns the role of cyclo-oxygenase-2 (COX-2). In 
animal studies in which the effects of a non- selective 
non-steroidal anti- inflammatory drug (NSAID) were 
compared to those of a COX-2 selective drug , greater 
impairment of fracture healing occurred under treat- 
ment with the COX-2 than with the NSAID. 
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B eta-blocker s\ these have also been studied in re- 
lation to skeletal health. Several studies have demon- 
strated that the sympathetic nervous system has a cat- 
abolic effect on bones. Indeed, functional adrenergic 
receptors are present in osteoblasts and osteoclasts, 
and sympathetic nerve fibres have been demonstrated 
in bone tissue. Therefore, the nervous system may 
well be a co-regulator of osseous metabolism and thus 
influence the healing of fractures. 

Smokers as well as individuals with chronic and 
heavy alcohol consumption are not only more suscep- 
tible to falls and fractures, but also to delay in healing 
of fractures. Moreover, it has been reported that the 
maturation of the regenerating bone is abnormal and 
non-union or mal-union is more frequent in these pa- 
tients. Smokers themselves assess their outcomes after 
surgery much less favourably than non-smokers. The 
detrimental effects of alcohol include: suppression of 
bone formation by osteoblasts, changes in the compo- 
sition of the ossifiable matrix and decreased ability of 
osteoblasts to respond to signals that normally trigger 
bone formation. 

To summarize : bisphosphonates do not prevent ini- 
tiation of fracture healing or formation of callus, but 
continued use of bisphosphonates may impede remod- 
elling of the callus, possibly due to bisphosphonate 
concentration in the bone. Mild suppression of bone 
turnover with oestrogen or raloxifene, however, has no 
significant effects on the repair of a fracture. In patients 
with severe osteoporosis and/or multiple fractures, ana- 
bolic agents are preferable as first-line therapy followed 
by bisphosphonates. It should be borne in mind that 
other factors, (as outlined above) including drugs such 
as NSAIDs or COX-2 inhibitors, as well as smoking 
and heavy consumption of alcohol, may significantly 
delay the process of fracture healing. Patients may need 
to be alerted about the risk imposed by NSAIDs if taken 
during the period of fracture healing. 

23.4 

Risk Factors for Osteoporotic 
Fractures 

Many, if not the majority, of “fragility fractures” occur 
as a result of falling, and approximately 5% of older 
patients require hospitalization, either short or longer 
term (Table 23.1). Contemporary estimates suggest 


Table 23.1. Main causes of falls in the elderly 
General deterioration 

• Poor postural control 

• Weakness 

• Abnormal gait 

• Poor vision 

• Slow reaction time 

• Anxiety and agitation 

• Fear of falling 
Specific diseases and drugs 

• Cerebrovascular disease 

• Parkinson's disease 

• Arthritis 

• Cataracts and retinal degeneration 

• Blackouts 

• Urge urinary incontinence 

• Sedatives 

• Hypotensive drugs 

• Alcohol 

Environmental causes 

• Low-level lighting 

• Slippery surfaces 

• Uneven pavements 

• Lack of assistance devices in bathrooms 

• Loose rugs 

• Bad weather, wind and rain 
Tripping 


that about 50% of vertebral fractures and more than 
95% of distal forearm and hip fractures occur as a 
direct result of trauma. 

The most common risk factors for falls identified in 
16 large studies are (Tables 23.2 and 23.3): 

• Muscle weakness 

• History of falls 

• Impairment of balance and motion 

• Lack of devices for protection and assistance in 
walking 

• Visual impairment or defective eyesight (poorly 
compensated) 

• Arthritis 

• Psychological factors such as depression 

• Cognitive impairment 

• Age >80 years 
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Table 23.2. Risk factors for osteoporotic fracture 
Non-modifiable: 

• Personal history of fracture as an adult 

• Maternal history of fracture 

• Caucasian race 

• Poor vision 

• Advanced age 

• Female sex 

• Late menarche 

• Dementia 

• Poor health/frailty 
Potentially modifiable: 

• Parkinson's disease 

• Low body weight 

• Oestrogen deficiency 

• Testosterone deficiency 

• Vitamin D deficiency 

• Low dietary calcium intake 

• Excess alcohol consumption 

• Impaired eyesight despite adequate correction 

• Recurrent falls 

• Inadequate physical activity 

• Glucocorticoid therapy 

• Various medications 


Table 23.3. Osseous and extraosseous factors that may affect 
fracture risk 

Skeletal factors: Increased bone fragility 

• Bone configuration 

• Bone microarchitecture 

• Bone density 

• Bone quality 

Extraskeletal factors: Increased risk of trauma 

• Increased propensity to fall 

• Environmental hazard 

• Loss of protective responses 


• Low bone mineral density (BMD) (Fig. 23.3) 

• Insufficient physical activity 

• Reduced grip strength 

• Older age groups 

• Maternal history of fractures 

• Patient history of falls 

These items should be included in the clinical assess- 
ment of risks for osteoporotic fractures in postmeno- 
pausal women. 

Five main intrinsic factors lead to weakening of 
bone : 

• Reduced bone mass (density) 

• Discontinuities in microarchitecture of bone 

• Disturbance of mineralization (“osteo-poromala- 
cia”) 

• Increased, unregulated bone turnover (“secondary 
hyperparathyroidism”) 

• Increased tendency to fall, for whatever reason 


Risk ratio for new vertebral fractures 



Bone mass 


In the OFELY study, seven independent predictors 
of fragility fractures in postmenopausal women were 
identified, reflecting different potential mechanisms. 
In order of decreasing importance, they were: 

• Previous fragility fractures 


No. of fractures 


One 



None 


Fig. 23.3. Relationship between prevalent vertebral fractures 
and bone mineral density on the risk for subsequent vertebral 
fractures (modified from Ross P, Davis J, Epstein R et al. [1998] 
Pre-existing fracture and bone mass predict vertebral fracture 
incidence in women. Ann Intern Med 114:919-923) 
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About a third of older persons fall at least once a year, 
but only about 5% of these falls result in a fracture. 
Taller and thinner patients are more likely to sustain 
a fracture on falling than shorter, plumper ones. Wrist 
fractures usually involve a fall onto an outstretched 
arm. Therefore, it appears that the orientation of the 
fall is an important factor in determining the kind 
of fracture. Forces in the spine or ribs generated by 
activities such as lifting, stepping down or cough- 
ing may also be sufficient to cause a vertebral or 
rib fracture. Other factors such as degenerative disc 
alterations and the distribution of body weight influ- 
ence biomechanical forces in the spine and thereby 
the risk of vertebral fractures. The elderly are more 
liable to fall due to: 

• Reduced muscle mass and strength 

• Slowing of reflexes 

• Loss of equilibrium 

• Impaired vision 

• Impaired coordination 

• Hypnotics, sedatives and psychotropics 

• Alcohol 

• Obstacles such as loose mats, cables, wires and 
small pieces of furniture etc. 

Fractures of the wrist or vertebrae are early manifesta- 
tions of postmenopausal osteoporosis, while those of 
the hip are more common in the later stages of age- 
related osteoporosis (Fig. 23.4). Generally, the lower 


the bone mass, the less likely the trauma is to cause a 
fracture, for example coughing or rolling over in bed. 
The risk of fractures (for the rest of their lives) in 50- 
year-old women and men (percentages in brackets are 
for men) are: 

• Proximal femur 18% (6%) 

• Vertebral column 16% (5%) 

• Distal radius 15% (3%) 

• Any location 40% (13%) 

In the course of a lifetime, women lose 35-50% of 
trabecular bone and 25-30% of compact bone, in the 
absence of preventive measures (Fig. 23.5). If an osteo- 
porosis-associated fracture has occurred, the following 
steps should be taken: 

• Alleviate the pain. 

• Accelerate fracture healing by appropriate surgical, 
non-surgical and other supportive measures. 

• Restore mobility as quickly as possible. 

• Exercise the muscles. 

• Prevent future fractures. 

• Improve bone mass and skeletal stability. 

• Nerve root injections given to patients locally before 
operative or other therapy are effective in reducing 
pain. 

Rehabilitation'. This is indicated in patients with mani- 
fest osteoporosis. Successful rehabilitation may take 
months, but usually no longer than a year. Each patient 






Fig. 23.4. Skeletal sites 
commonly involved in os- 
teoporotic fractures 
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Age (years) 


Fig. 23.5. Age-related incidence of osteoporotic fractures 


should receive guidance as outlined previously. As 
mentioned above, early mobility and muscular exercise 
are important aspects of rehabilitation. Studies have 
shown that early mobilization, as well as its duration, 
influences the regeneration of muscles traumatized by 
the cause of the fracture, and that contractile activity 
in particular contributes to the restitution of skeletal 
muscle mass. 


23.5 

Management of Osteoporotic 
Fractures 

The specific goals of the orthopaedic management of 
osteoporotic fractures are: (a) early surgical manage- 
ment, (b) rapid mobilization and (c) a return to nor- 
mal activities as soon as possible. Adherence to these 
guidelines will avoid undesirable consequences. 

General guidelines for the management of osteo- 
porotic fractures are the following: 

• Elderly patients are best treated by rapid fracture 
management. Surgical intervention should be mini- 
mized in order to reduce surgery time, blood loss 
and stress. Indeed, a delay of more than 2 days be- 
fore surgical intervention proved to be an important 


predictor of mortality within 1 year of the time of 
fracture. 

• Surgical intervention should achieve stable fracture 
fixation to enable a return to weight-bearing status 
within days. 

• The primary cause of implant failure after fracture 
fixation is the impaired healing capacity of osteo- 
porotic bone. 

• Calcium, vitamin D and protein supplementation 
should be administered in the peri- and postopera- 
tive periods. Bisphosphonates and/or raloxifene can 
be given as required. 


23.6 

Prevention of Further Fragility 
Fractures with Specific Drugs 

As discussed above, the risk for subsequent fractures 
in patients with a low-trauma fracture is increased 
within the first 6 months; therefore, initially agents 
with a rapid effect are preferred. Treatment with rise- 
dronate, alendronate or zoledronate has been shown 
to decrease the incidence of additional vertebral frac- 
tures during the first year by 40%. In one post-hoc 
analysis, risedronate, a bisphosphonate with a rapid 
suppression of osteoclastic activity, decreased the 
risk for clinical vertebral fractures by 6 months. In 
other studies with risedronate and alendronate, there 
was a significant decrease in hip fracture risk at 18 
months, which was sustained for 3 years. Teriparatide 
also decreased vertebral fractures significantly by 18 
months. Although prescribing practices have changed 
substantially over the last 10 years, and the proportion 
of patients with hip fractures treated for osteoporosis 
has increased, it still remains low, with less than one 
third receiving specific therapy. 


23.7 

Fracture Sites and Their Clinical 
Significance 

Osteoporosis causes symptoms when a bone fractures. 
It is important to realize that bone loss itself does not 
cause pain or disability. Fractures of the hip, spine, 
wrist and proximal humerus are the most common, 
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although they also occur in other parts of the skeleton, 
particularly in the pelvis, ankle and ribs. Although any 
fracture can have a devastating impact on the affected 
individual, hip fractures are by far the most important 
from the perspective of public health. 


23.7.1 

Hip Fractures 

Hip fractures account for most of the medical costs, 
as they are responsible for about 65% of the total costs 
of osteoporotic fractures. More than 300,000 patients 
annually in the US alone sustain a fracture of the 
proximal femur: ; 25% are men with an average age 
of 80 years. One out of every six Caucasian women 
(15%) will suffer a hip fracture in her lifetime. The 
two important types of fractures of the proximal fe- 
mur are the intertrochanteric (50%) and the femoral 
neck (also 50%) (Fig. 23.6). The mean age is about 80 
years and half of the patients live alone. Hip fractures 
are rare below 50 years of age. In more than 90% of 
patients, hip fractures are caused by a fall. The type 
of fracture depends on several factors including the 
angle and manner of falling, as well as the patient's 
neuromuscular and protective responses to the fall 
and its impact. Hip fractures have very serious con- 
sequences, most require surgical intervention and the 
patients are frequently left with a disability: 

• Nearly 20% will die within the first year. 

• Nearly 25% require a long-term nursing facility or 
in-home care. 

• Nearly 50% never fully recover their mobility. 


Risk factors for the first hip fracture have been well 
characterized and include: 

• Previous fracture at any site 

• Advanced age 

• Low body weight 

• Low BMD 

Various treatments are available to reduce fracture 
risk, but only about 5% of women are treated properly 
after the occurrence of the first hip fracture, with the 
specific intention of avoiding another one. 

About 20% of beds in orthopaedic wards are still oc- 
cupied by patients with fractures of the proximal femur. 
Femoral neck fractures in the elderly patient are most 
commonly treated by hemialloarthroplasty or total hip 
replacement, while intertrochanteric fractures are best 
treated with an intramedullary fixation device in com- 
bination with a compressive screw (Fig. 23.7). These 
fixation devices allow an early return to full weight- 
bearing and help avoid complications (e.g. screw cutting 
out) and non-union of the fracture (Fig. 23.8). During 
rehabilitation special attention must be paid to: 

• Coordination of movement 

• Muscle training 

• Avoidance of risks of tripping and falling 

Hip fractures are nearly always painful and require 
hospitalization and surgery. The mortality rate im- 
mediately after the hip fracture is increased for both 
women and men; it decreases during the next 5 years, 
but remains higher than that of the general population. 
Patients also have a significantly higher relative risk for 
a second fracture in the future. On a more optimistic 
note, the results of a prospective randomized trial (Lyles 





Subcapital 


Intertrochanteric Femoral neck 


Fig. 23.6. Types of 
femoral fractures 
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Fig. 23.8. Stabilization of an intertrochanteric fracture using 
an intramedullary hip screw and total prosthetic replacement 


et al. 2008) showed a reduction of 35% in new clinical 
fractures and of 28% in mortality in the 2 years after the 
fracture, achieved by a single infusion of zoledronic acid 
given within 3 months of the first fracture. In addition, 
fracture union was not delayed by the bisphosphonate. 

23.7.2 

Vertebral Fractures 

Vertebral fractures are often asymptomatic and 
therefore not diagnosed. Indeed, only about one- 




third of the vertebral fractures seen on radiographs 
of the spine come to clinical attention, as these 
X-rays were not requested due to back pain. The 
greatest risk factor for compression fractures is an 
underlying osteoporosis, with multiple myeloma and 
metastatic cancer, especially of breast, high up in 
the differential diagnosis of painful vertebral com- 
pression fractures. The correct diagnosis requires 
lateral radiographs of both the thoracic and lumbar 
spine. Vertebral fractures are very common in older 
women; they are found in radiographs in 5-10% of 
women at 55 years, rising to 30-40% by 80 years. 
The cortical shell of a vertebral body contributes 
only about 10% of the resistance to compressive 
loads. Thinning and microcracks in trabecular bone 
occur with age. Although these heal with callus for- 
mation, excess accumulation of microcracks results 
in critical weakening which in turn leads to vertebral 
compression and to fracture. Spinal fractures may 
result from falling, but more commonly they oc- 
cur spontaneously as a result of common everyday 
movements such as coughing, lifting, bending or 
turning. Vertebral fractures occur in many differ- 
ent circumstances, and approximately 50% cannot 
be attributed to an identified loading effect. Verte- 
bral fractures most commonly involve the midtho- 
racic region (T7-T8) and the thoracolumbar junction 
(T12-L1) (Fig. 23.9). In contrast, fractures of the up- 
per thoracic spine (T2-T6) are more likely to be due 
to metastatic disease or multiple myeloma. MRI can 
help to distinguish benign from malignant disease; 
however, it cannot distinguish between traumatic 
and osteoporotic fractures. 
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Fig. 23.9. Frequency of 
vertebral fractures accord- 
ing to their location in the 
spine 


There is great variability in the symptoms caused 
by spinal fractures. Some patients experience very lit- 
tle or no pain when the fracture occurs, whereas others 
feel severe pain. The reason for this difference is not 
known. Although some affected individuals become 
pain-free after a few months, others may be left with 


long-lasting pain or discomfort. Patients with verte- 
bral fractures experience aggravation of pain during 
physical activities such as bending and rising up and 
even standing up straight. Spinal fractures do not usu- 
ally cause back pain radiating down the legs, which is 
more typical of radiculopathy due to disk problems. 
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Fig. 23.10. Restoration of vertebral shape by injection of ce- 
ment (vertebroplasty) 

As a result of changes in body shape (expansion of 
the waistline and prominence of the abdomen), many 
patients have trouble finding clothes that fit. The long- 
term effects of vertebral fractures are still underesti- 
mated: many result in chronic back pain and limitation 
of activities. Multiple vertebral fractures can deform 
the thorax and seriously restrict pulmonary function. 

The repair phase lasts 2-4 months, during which 
the use of orthopaedic appliances and corsets should 
be limited to as short a time as possible. Their pur- 
pose is alleviation of pain, avoidance of kyphosis and 
preservation of pulmonary function. Specialized ban- 
dages and supports may be utilized according to the 
instructions of the orthopaedic specialist. Rehabilita- 
tion strategies which increase the strength of spinal 
muscles will reduce the load on vertebral bodies and 
thereby decrease the risk of fracture in mechanically 
incompetent bone. Research into the risk of vertebral 
fractures, found a four- to six-fold increase with a 2 
SD decrease in the BMD of the lumbar spine. One 
symptomatic vertebral fracture causes a two-fold in- 
crease in hip fractures, while two or more vertebral 
fractures result in a 12-fold increase in new vertebral 
fractures. 


Fig. 23.11. Repair of a fractured vertebra by means of ky- 
phoplasty 

23.7.3 

Kyphoplasty and Vertebroplasty 

These represent new technologies for the treatment of 
painful osteoporotic compression fractures that do not 
respond to conventional treatment. Vertebroplasty is 
the term for the percutaneous injection of polymethyl- 
methacrylate (PMMA), by means of one or two bone 
biopsy needles, into the fractured vertebra (Fig. 23.10). 
After hardening, the PMMA stabilizes the restruc- 
tured vertebral body. Kyphoplasty involves inserting 
a bone tamp/balloon into the vertebral body under im- 
age guidance (Fig. 23.11). When inflated with PMMA 
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and radiocontrast medium (for visualization), the bone 
tamp compacts the cancellous bone, re- expands the 
vertebral body and elevates its endplates. Both tech- 
niques have a high rate of use and acceptance. 

Unilateral transpedicular augmentation is less time- 
consuming than the bilateral procedure and would be 
preferable if it provided the same mechanical support 
as the bilateral procedure. 

There is 95% reduction in pain and significant im- 
provement in function following treatment by either of 
these percutaneous techniques. Kyphoplasty improves 
height of the fractured vertebra and reduces kyphosis by 
over 50% if performed within 3 months of the fracture, 
but later on, there is less improvement in height. Com- 
plications occur with both methods mainly due to leak- 
age of cement, less in kyphoplasty because the cement is 
confined within the balloon (Figs. 23.12 and 23.13). Ce- 
ment emboli may occur in vertebroplasty. There is also 
a potential for other significant complications: pulmo- 
nary, gastrointestinal, vascular, spinal cord and cauda 



Fig. 23.12. Kyphoplasty of multiple fractured vertebral bodies 



Fig. 23.13. Compression fracture with involvement of the pos- 
terior wedge. Surgical stabilization by kyphoplasty 


equina injuries. In some cases, collapse because of new 
compression fractures has been observed in adjacent 
vertebral bodies, as well as in those above and below 
the vertebroplasty. However, as pointed out in a recent 
study, the rate remains low and vertebroplasty retains its 
position as an effective procedure for these patients. 


23.7.4 

Distal Forearm Fracture (Wrist Fractures) 

Colies' fracture (named after the Irish surgeon who 
first described them) is a fracture of the distal radius 
with or without involvement of the radiocarpal joint. 
It is the most frequent fracture before the age of 75 
years, occurring mainly in women around the time of 
the menopause. Wrist fractures are usually sustained 
outdoors and especially in icy conditions. Most of 
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these wrist fractures occur after a fall on the out- 
stretched arm. Wrist fractures are painful and require 
out-patient treatment at a hospital, although elderly 
patients may need to be hospitalized. Fractures are 
treated by closed reduction and a plaster cast which 
is kept in place for 6 weeks. However, fractures with 
metaphyseal or radio- carpal joint involvement require 
surgery with open reduction and plating. To date it 
is not clear whether it is better to treat an elderly pa- 
tient with casting or with surgical fixation in order to 
achieve a postoperative condition which will enable 
the patient to cope with the activities of daily living 
(Fig. 23.14). The fractured ends of the bone(s) are 
sometimes displaced and must be manipulated into 
place and stabilized before a cast or splint is applied. 
A fracture of the radius in patients between 40 and 60 
years of age is always a sign of osteoporosis and calls 
for immediate measurement of bone density. A cast 
is retained for 6-8 weeks, during which time active 
and passive exercises of the fingers, hand, upper arm 
and shoulder should be carried out regularly to pre- 
serve their motility and function and to prevent further 
onset or deterioration of osteoporosis. A significant 
complication, after either conservative or surgical 
therapy, may arise in the form of algodystrophy. In 
these patients, there is often persistent pain, tender- 
ness, swelling and stiffness of the hand that may last 
for years after the injury. A fracture of the radius in 
patients older than 50 years of age raises the question 
of an underlying osteoporosis and calls for immediate 
measurement of bone density. As previously outlined, 
osteoporotic patients are also at a higher risk of ad- 
ditional fractures at any site. Studies have shown that 
mortality after a distal radial fracture is not increased, 


but there is a significant impairment of health-related 
quality of life. 

23.7.5 

Proximal Humerus Fractures 

The most common osteoporotic fracture of the upper 
arm is that of the proximal humerus; fractures of the 
shaft or the supracondylar elbow are less common. 
Most proximal humerus fractures occur after a fall 
onto the shoulder with the arm adducted. The major- 
ity are nondisplaced, impacted fractures (fractures at 
the surgical neck) that can be treated conservatively 
with a sling and permit early functional rehabilita- 
tion. Displaced fractures or complex fractures require 
surgery with open reduction and plating, nailing or 
minimal invasive pinning, or even hemiarthroplasty if 
the fracture is complex with involvement of the joint. 
Elderly patients should start physiotherapy as soon 
as possible to prevent loss of movement in the post- 
operative period. Fractures of the proximal humerus 
are associated with an increased risk for future spinal 
and hip fractures in both women and men, and with 
an increased mortality immediately after the fracture, 
but this declines during the subsequent 5 years. 

23.7.6 

Other Fractures 

These include fractures of the pelvis, the distal tibia 
or fibula and the ribs, all composed predominantly of 
trabecular bone. Fractures around the knee (supra- 


Fig. 23.14. Common proce- 
dures for the repair of wrist 
fractures 
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condylar fractures of the distal femur or fractures of 
the tibial plateau) carry a high risk for postoperative 
degenerative joint disease and arthrofibrosis. Pelvic 
fractures of the superior and inferior rami and the 
sacral ala can be debilitating and very painful and the 
mortality associated with pelvic fractures is similar 
to that of hip fractures: 20% at 2 years and 50% at 
5 years. Nondisplaced fractures are usually treated 
conservatively. Elderly patients with pelvic fractures 
require special health care resources and are usually 
hospitalized for long periods of time. 

The National Osteoporosis Foundation has estab- 
lished guiding principles for the treatment of patients 
with osteoporotic fractures'. 

• All patients presenting a low-energy fracture should 
be screened for osteoporosis. 

• All patients should be placed on 800 IU of vitamin 
D and 1200-1500 mg of elemental calcium (prefer- 
ably calcium citrate) daily. 

• Before discharge, all patients should be started on 
alendronate (70 mg per week), risedronate (35 mg 
per week), ibandronate (150 mg once monthly) or 
a modern intravenous bisphosphonate (ibandronate 
3 mg every 3 months or zoledronate 5 mg once an- 
nually). Intravenous administration is the route of 
choice if the patient has a history of gastrointestinal 
dysfunction. 

• In severe osteoporosis with multiple osteoporotic 
fractures, osteoanabolic drugs such as teriparatide 
(20 pg s.c. daily) or parathormone (100 pg s.c. daily) 
can be used alternatively. 

• Within 6 weeks following discharge, all patients 
should undergo a dual-energy X-ray absorptiometry 


(DXA) scan and a metabolic work-up to rule out 
secondary causes of osteoporosis. For monitoring, 
a DXA scan should be performed every year. 


23.7.7 

Improving Quality of Life After 
Osteoporotic Fractures 

This is best achieved by focussing not only on pre- 
vention and treatment but also on ways to deal with 
the personal and social consequences of the disease, 
such as pain, depression, loss of self-esteem and social 
isolation: 

• Acute pain can be treated with bed rest for 2-3 
days, analgesics, heating pads, massage and back 
support. 

• Treatment of chronic pain includes strengthening of 
the back extensor muscles with an exercise program 
and/or weight-bearing according to the individual 
patient’s ability, as well as support for the back. 

• Various devices (including single or double canes) to 
assist in maintenance of balance, gait and walking, 
and, importantly to prevent falls 

• Patients who have suffered osteoporotic fractures 
often feel anxious, helpless and depressed due to 
lifestyle limitations, changes in appearance and 
difficulties in functioning independently at home, 
especially if living alone. Therefore, patients should 
be informed of the social amenities available and 
directed to support groups which bring patients to- 
gether and provide useful information. 


Pregnancy and Lactation 



An increasing drain of maternal reserves mineral- 
izes the foetal skeleton. In total, the developing foetal 
skeleton gains up to 33 g of calcium and about 80% of 
this is deposited during the third trimester when the 
foetal skeleton grows rapidly. This high demand for 
calcium is largely met by a doubling of maternal in- 
testinal calcium absorption, mediated by calcitriol and 
other hormones, which is usually enough to meet the 
daily calcium needs of the foetus without long-term 
consequences to the maternal skeleton. The increased 
calcium absorption early in pregnancy may stimulate 
the maternal skeleton to prepare for the peak foetal de- 
mands that occur later in pregnancy (Fig. 24.1). Sub- 
sequently during lactation, sufficient calcium must be 
supplied in the breast milk to enable skeletal growth of 
the infant. Calcium homeostasis in human pregnancy 
and lactation is illustrated in Fig. 24.1. 

The female body has several compensatory mech- 
anisms to supply the increased demand for calcium 
during pregnancy and lactation, so that problems only 
arise if the calcium depots (in the bones) are not full 
to begin with. Indeed, fragility fractures in pregnancy 
may be a consequence of pre-existing low bone min- 
eral density (BMD) and increased bone resorption. 
Therefore, supplements of calcium and vitamins are 
recommended and should be taken from the begin- 
ning of pregnancy. However, pregnancy per se is not 
a risk factor for osteoporosis. But risk factors are in- 
curred if the pregnant woman is subjected to bed rest 
and/or is treated with muscle relaxants and/or seda- 
tives. In some cases even corticosteroids are given. 
In these situations, a massive withdrawal of calcium 
from the bones is unavoidable, and should be com- 
pensated at the very least with adequate supplements 


of calcium and vitamin D. During pregnancy, there 
is normally a slight decrease in bone density, but this 
loss is soon replaced after birth. However, it should be 
remembered that during lactation about 500 mg cal- 
cium is excreted daily into the milk, which should be 
balanced on a daily basis by increased ingestion of ap- 
propriate foods and supplements. In reality, very few 
women suffer from osteoporotic fractures during (and 
as a result of) the pregnancy itself. The vast majority 
of women can be assured that the changes in bone and 
calcium metabolism during pregnancy and lactation 
are normal and without adverse consequences in the 
long term. 

Results of a study comparing the bone status in 
young “primiparas” (young women immediately after 
the birth of their first child) with that of young “nul- 
liparas” (young women who had not yet been pregnant 
and given birth) showed that the values of quantitative 
ultrasound (QUS) measurements were significantly 
lower and the bone markers higher in the primiparas 
in the early postpartum phase than in the nulliparas. 
Since later measurements were not given, definitive 
conclusions cannot be drawn. Possibly such early ex- 
aminations were not previously recorded and the defi- 
ciency very quickly rectified, with no lasting adverse 
effects. 

The maternal status of vitamin D during pregnancy 
has lately attracted some attention, and the suggestion 
has been put forward that this may affect intra-uterine 
skeletal mineralization, growth and development of 
muscles, as well as possibly even having a more sus- 
tained influence in childhood and later. These possi- 
bilities raise the question of early determination of the 
pregnant woman’s vitamin D level and administration 
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Fig. 24.1. Calcium homeo- 
stasis in normal women com- 
pared to that during preg- 
nancy and lactation (modified 
from Kovacs C, Kronenberg 
H [1997] Maternal-fetal 
calcium and bone metabolism 
during pregnancy, puerpe- 
rium and lactation. Endocr 
Rev 18:832-872) 


of supplements as required. However, few investiga- 
tions of possible benefits and adverse reactions of such 
supplements in pregnant women and on the foetus have 
been published. One such study from the UK was car- 
ried out on a group of pregnant women whose vitamin 
D concentrations were measured in late pregnancy. A 
total of 466 (78%) children were examined at birth, 
440 (74%) at 9 months and 178 (30%) at 9 years of age. 
The results showed that maternal concentrations of vi- 
tamin D >75 nmol/1 did not influence the new born 
child’s body size, psychological health or cardiovas- 
cular system. A low incidence of atopic disorders was 
observed, which requires confirmation. However, re- 
sults of another study from Australia showed that ma- 
ternal vitamin D deficiency increased the risk of lower 
birth weight and neonatal vitamin D deficiency. Low 
maternal levels of vitamin D may increase the risk of 
preeclampsia, a cogent reason for determination of the 
level of vitamin D at the beginning of pregnancy. Lon- 
gitudinal studies of women have found a relationship 
between a history of preeclampsia in pregnancy and 
insulin sensitivity and vasodilatory functions, as well 
as impaired insulin sensitivity later in life. 

The pregnant woman is also subject to many gen- 
eral musculoskeletal disorders and injuries as well 
as specific conditions that may affect non-pregnant 


women at that age. A crucial factor in the determina- 
tion of therapy for these conditions is the protection 
and preservation of the pregnancy itself. As pointed 
out in various reviews, most orthopaedic issues in 
pregnancy can be controlled conservatively, and sur- 
gical interventions postponed until after delivery. 

If a fracture has occurred in a pregnant woman it 
is advisable not to breast feed or at least to shorten the 
nursing period as much as possible. Though bisphos- 
phonates are not yet authorized for premenopausal 
women, they should be considered when confronted by 
manifest, severe premenopausal osteoporosis, together 
with the ancillary measures already outlined. In addi- 
tion, the patient must be fully informed about the use 
of bisphosphonates, the beneficial effects and the pos- 
sible, though rare, adverse side effects, the indications 
and contraindications, and how and when they should 
be taken. In these patients, questions concerning re- 
sidual bisphosphonates within the bones and subse- 
quent pregnancy and lactation are still open. It is quite 
possible that osteoporosis in pregnancy and lactation 
is more frequent than recognized simply because it is 
only recognized when an unexpected fracture occurs. 
Nevertheless, a few studies of osteoporosis during 
pregnancy and lactation have been reported, includ- 
ing one in which three cases of severe vertebral frac- 
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tures were described. The patients were treated with 
bisphosphonates. So far, adverse effects on the infants 
have not been reported. Only one patient with painful 
lumbar and thoracic vertebral fractures was treated 
with osteoanabolic therapy, and had a good response. 
Intravenous bisphosphonate therapy during lactation 
has also been used in cases of severe osteoporosis with 
vertebral fractures which had developed during preg- 
nancy. In another somewhat unusual case, a 30 -year- 
old woman developed moderate back pain during the 
last month of her first pregnancy. The pain worsened 
after delivery and eight vertebral fractures were seen 
on radiology. The total T- score of the lumbar vertebrae 
2-4 was -4.7. Therefore, when back pain occurs dur- 
ing pregnancy and/or lactation, osteoporosis should be 
considered in the differential diagnosis. 

Transient osteoporosis of the hip , a subtype of the 
“bone marrow oedema syndrome” is a rare, self-limit- 
ing form of local pregnancy-associated osteoporosis. 
Some hypotheses to explain this painful condition in- 
clude femoral venous stasis due to the gravid uterus, 
reflex sympathetic dystrophy, ischaemia, trauma, viral 
infection and immobilization. These women present 
unilateral or bilateral hip pain and/or hip fracture in 


the third trimester, together with bone marrow oedema 
demonstrable on MRI. The symptoms and MRI find- 
ings usually resolve within 2-6 months postpartum. 

Longitudinal studies of women have found a relation- 
ship between a history of preeclampsia in pregnancy and 
subsequent insulin sensitivity and vasodilatory function, 
as well as impaired insulin sensitivity later in life. 

With respect to HIV in pregnant women , pro- 
grammed therapies have been developed and the 
effects studied in women before, during and after 
pregnancy, as well as during the period of lactation. 
Results showed that cell-free and, to a lesser extent, 
cell-associated HIV-1 RNA levels in breast milk were 
suppressed by the antiretroviral treatment used to 
prevent mother-to-child transmission. But there was 
no significant reduction in the reservoir of infected 
cells and these could contribute to the transmission 
of HIV-1 to the breast milk. The maternal viral load 
also played a part. In this connection, it is worth men- 
tioning that there were no serious adverse effects on 
the foetus when bisphosphonates were given to lac- 
tating women. No bisphosphonate was detected in 
the breast milk collected for 48 h after an infusion of 
pamidronate. 


Osteoporosis in Men 



A near-perfect example of sexual equality in nature! 
Osteoporosis does not discriminate! Men are as vul- 
nerable as women! It just strikes them about 10 years 
later. And not only the trabecular network, but also 
the cortical bone which further increases the fracture 
risk. 


25.1 

Clinical Evaluation of Osteoporosis 
in Men 

Ageing in men is accompanied by a steady decline 
in levels of gonadal steroids and of growth hormones 
which largely determine the decrease in bone miner- 
al density (BMD). The concept of the “andropause”, 
i.e. the natural age-related decline in testosterone 
levels in men, is beginning to be understood and to 
be accepted by health care professionals and by the 
general public. Many studies have now been carried 
out on the effects of hypogonadism in men and its 
consequences, not only osteoporosis, for example 
the Partial Androgen Deficiency of the Ageing Male 
(PADAM) study and the Late-Onset Hypogonad- 
ism (LOH) study. A recent review from Finland, the 
Turku Male Ageing Study (TuMAS), also summaries 
the results of investigations into the connections be- 
tween testicular endocrine function and the physical, 
psychological and sexual symptoms of ageing. The 
consequences of ageing usually also affect the bones, 



directly or indirectly. One of the presumed univer- 
sal consequences of ageing is telomere shortening, 
which is directly correlated with chronological age 
as well as with some ageing phenotypes. Studies in 
healthy men aged 71-86 years have demonstrated 
the connection between longitudinal bone loss and 
shortened telomeres. 

However, there is insufficient awareness of the 
benefits of testosterone replacement therapy , which 
has already proved its value in the relatively short 
term, while the long-term results are awaited. More- 
over, so far little attention has been paid to the direct 
effects of gonadal steroids and the effect their decline 
has on bone and its metabolism in elderly men. Age is 
recognized as the most important risk factor for male 
osteoporosis, which occurs about 10-15 years later 
than in women, that is, at about 60-65 years of age, 
with an acceleration of bone loss after 70 years ap- 
parently due to unbalanced remodelling, which also 
results in deterioration of the microarchitecture of 
the bone. It should be noted that a high proportion of 
men (approximately 60% in some studies) no longer 
have optimal secretion of androgens from 60 years 
of age, though levels start to decrease much earlier. 
Studies have indicated that the majority of men with 
androgen deficiency do not receive treatment, despite 
adequate access to medical care, as shown in the re- 
sults of the Boston Area Community Health Survey. 
It should also be emphasized that the beneficial ef- 
fects of testosterone therapy on bone density, obesity, 
insulin resistance and coronary angina have already 
been documented in clinical trials. 

Decline in other factors associated with ageing may 
also contribute to osteoporosis. A decrease in muscle 
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mass (“sarcopenia”) is common even in healthy peo- 
ple over 60 years and increases with age and influ- 
ences the status of the bones. Directed efforts to pre- 
vent muscle loss should emphasize sustained physical 
activity from childhood throughout life as the years 
pass, including appropriate exercises. 

It is only in recent years that osteoporosis in men 
has been recognized as a major public health problem, 
the extent of which is increasing steadily, also as a re- 
sult of the increase in numbers of elderly people in the 
population, and with a corresponding increase in cost. 
For example, the cost of osteoporosis in men for the 
year 1999 in France was calculated, according to hos- 
pitalizations caused by 21,857 fractures, at a total cost 
of 198 million Euro. In Britain, the cost has been es- 
timated at a quarter of a billion pounds annually (per- 
haps more by now). Moreover, men with hip fractures 
have higher morbidity and mortality rates than wom- 
en. This is graphically highlighted by a recent report 
on “Outcomes and secondary prevention strategies for 
male hip fractures”, which draws the conclusion that 
men with hip fractures had received inadequate evalu- 
ation and treatment for osteoporosis. But the situation 
has begun to change for the better, as more data are 
published and public awareness increases. It should 
be emphasized that, particularly since the beginning 
of the 21st century, there has been a steady stream of 
reports from trials and studies of all aspects of osteo- 
porosis in men. Clearly, only a few of the key publica- 
tions can be considered in this chapter. The first large 
population-based study carried out in many countries 
in Europe, the European Prospective Osteoporosis 
Study (EPOS), has confirmed the frequent occurrence 
of vertebral fractures in men and their increase with 
age. Criteria for the densitometric diagnosis of os- 
teoporosis in men have been recommended and pub- 
lished, as have up-dated guidelines for osteoporotic 
screening in men (2008) by the American College of 
Physicians. These also include the key risk factors: 
advanced age, low body weight, physical inactivity, 
prolonged corticosteroid use, previous osteoporotic 
fracture, androgen deprivation therapy and, of course, 
the comorbidities which are fundamental to some of 
the risk factors. 

A recent study reviewed the main risk factors of 
2035 males >50 years who all presented with frac- 
tures. In these patients, the main risk factors associ- 
ated with osteoporosis were: smoking, excess alcohol, 
low body mass index and family history of osteoporo- 


sis. In all, 58% of the patients with hip fractures had 
osteoporosis, but only 18% of patients with fractures 
of the ankles. Other risk factors in patients with hip 
fractures were immobility and loss of height. Clearly, 
all the patients would have benefited from early insti- 
tution of preventive measures. 

According to recent estimates, 20% of all cases of 
osteoporosis occur in men. The estimated number of 
men with osteoporosis in the US is now put at 5 mil- 
lion (2003). Osteoporosis is present in 6% and osteo- 
penia in 47% of males over age 50. However, there 
are ethnic and racial differences in the bone structure 
of some bones, for example the thicker cortical bone 
in the proximal femur, as well as in BMD, which are 
more prominent in older men. These differences may 
also account for the lower fracture rate among black 
and Asian men. The clinical picture of established 
osteoporosis in men is comparable to that in women, 
with kyphosis due to wedge fractures of the thoracic 
column, protuberance of the abdomen and transverse 
skin folds over the dorsal trunk. The male: female ra- 
tio of hip fractures has been calculated to be 1:3 and 
the vertebral fracture ratio even approaches 1:2. Four 
diagnostic steps are recommended: 

• Exclusion of other bone disorders with diminished 
bone mineral content (osteomalacia) 

• Quantification of the degree of osteopenia [dual-en- 
ergy X-ray absorptiometry (DXA) of lumbar spine 
and proximal femur, and possibly additional sites as 
indicated in the individual patient] 

• Evaluation of the clinical stage of osteoporosis 
(from preclinical and uncomplicated to advanced 
with complications) 

• Exclusion of secondary osteoporosis, in addition to 
the primary, involutional, age-related osteoporosis. 

In young men especially, transient osteoporosis of the 
hip must be distinguished from avascular necrosis, 
which is done by the distinctive, typical MRI find- 
ings in the former condition. Establishing the correct 
diagnosis avoids unnecessary surgery and other inap- 
propriate measures. 

The percentage of men with secondary osteoporo- 
sis is around 50% - higher by 10% than that in women. 
Consequently men, especially the older age groups, 
should be carefully screened to reveal any additional 
underlying causes for the osteoporosis. The Osteo- 
porotic Fractures in Men Study (MrOs), the first US 
“men only” study, deals extensively with risk factors. 


25.1 Clinical Evaluation of Osteoporosis in Men 


185 


Other recent studies (2008) examined the efficacy of 
osteoporosis risk assessment tools in large cohorts 
of Caucasian and Chinese men, the OST and MOST 
studies. The tools included body weight and quantita- 
tive ultrasound index for screening and their efficacy 
was confirmed in this study. 

Important risk factors include: 

• Heavy smoking: Recently, the Tromso study (2008) 
demonstrated that smoking in men reduces BMD 
at the hip and forearm and increases the fracture 
risk. 

• Hypogonadism: The effects are directly related 
to time of onset (at about 60 years) and duration. 
Age-related (>73 years) decrease in measurable 
free testosterone levels are accompanied by clini- 
cal symptoms including erectile dysfunction, pros- 
tatism, changes in cognitive functions, inability to 
perform daily activities and osteoporosis. 

• High alcohol consumption: The precise mechanism 
of the negative effect of alcohol on bone has not yet 
been elucidated, but it appears to be on bone for- 
mation. However, other deleterious lifestyle factors 
undoubtedly also contribute to reduced BMD and 
fractures which occur in chronic alcohol abusers. 

• Dietary factors: Studies have shown that the conse- 
quences of eating disorders in men, i.e. the various 
sub-types of anorexia nervosa and binge eating, can 
be as bad if not worse than in women as predicted 
by the duration of the condition, low body mass 
index (BMI) and severe osteoporosis. Duration of 
the disorder(s) is also an important factor in the 
consequent osteoporosis. Moreover, as pointed out 
previously, undernutrition in early life may also pre- 
dispose accelerated ageing and its accompanying 
dysfunctions. 

• Weight loss: A low BMI and weight loss in middle- 
aged men, before and continuing into the andro- 
pause, are strongly and negatively related to BMD 
of the hip. 

• Stress and anxiety: These states could be classified 
as primary or secondary, for example together with 
depressive states. But there is one important differ- 
ence, the age of the patients, as the patients with stress 
fractures are usually young and may be male mili- 
tary personnel. Investigation of 32 young military 
personnel patients and 32 healthy controls showed 
only that the patients had a decreased bone turnover 
and calcaneal stiffness, but no other pathological or 
biochemical cause for the fractures was found. 


• Prostate cancer: This poses a major risk factor for 
osteoporosis, especially when the patient is on an- 
drogen deprivation therapy. BMD should be mea- 
sured before starting therapy, which should be initi- 
ated as quickly as possible after diagnosis to prevent 
spread and skeletal metastases. Various non-hor- 
monal therapies have been advocated to improve 
patients’ quality of life and, possibly, survival. 

• Renal disorders: Older men with reduced renal func- 
tion are at increased risk of osteoporosis and hip 
fractures. 

The most frequent cause (about 30%) of osteoporosis 
in men is testosterone deficiency and it is a risk factor 
for hip fractures. The level of testosterone in the blood 
must always be determined, since some patients do not 
suffer from sexual dysfunction and appear to have nor- 
mal testes in spite of decreased levels of testosterone. 
Specific causes of hypogonadism include: 

• Klinefelter syndrome 

• Prolactinomas 

• Kallmann syndrome 

• Prader-Willi syndrome 

• Male Turner syndrome (Noonan syndrome) 

• Haemochromatosis 

• Status post orchitis 

• Castration. 

Symptomatic late onset hypogonadism (SLOH) may 
be particularly troublesome due to physical and mental 
effects, including fatigue, lethargy, reduced physical 
and mental activities, reduced muscle and bone mass, 
anaemia, increased sweating and decreased sense of 
well-being, among other symptoms. These patients 
require very inclusive examinations (PSA, haemoglo- 
bin etc.) before specific therapy, especially with an- 
drogens, is advised. Men with low testosterone levels 
may have a variety of physical manifestations such as 
increased weight and fat mass, especially abdominal. 
The biochemical changes include higher glucose, in- 
sulin and triglyceride levels. BMD is decreased, which 
is due to an increase in resorption of bone as well 
as a decrease in its formation and thereby a rapid 
loss of bone. Moreover, it has been demonstrated in 
several studies that oestrogen deficiency also plays an 
important part in causing osteoporosis in men by the 
following mechanism: a high serum level of the sex 
hormone-binding globulin lowers the levels of both 
testosterone and oestrogen in the blood, reducing the 
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availability of androgen for synthesis of oestrogen by 
aromatization in peripheral tissues. It is a deficiency of 
oestrogen rather than androgen which is responsible for 
the increased bone resorption - even in men. This has 
been confirmed by data from the Framingham Study, 
which demonstrated that low hip BMD in elderly men 
is correlated with low serum oestradiol levels rather 
than with testosterone deficiency. Indeed, oestrogen 
action is clearly essential for the normal development 
of bone in young males, and also exerts important ef- 
fects on bone in adults. Therefore, selective oestrogen 
receptor modulators (SERMs) may also have applica- 
tions in men at risk of bone loss. A short-term trial of 
raloxifene in older men revealed reductions in bone 
markers even in men with the lowest oestradiol levels. 
Long-term trials are needed to show the effectiveness 
and safety of raloxifene and in which male popula- 
tions they may be most useful. An increase in serum 
leptin also reduces bone formation and thereby BMD. 
It has been postulated that the age-related difference in 
serum parathyroid hormone (PTH) levels and in bone 
resorption between men and women is due to the fact 
that there is more residual testosterone in men than 
oestrogen in women. An increase in serum leptin also 
reduces bone formation and thereby BMD. 

25.2 

Special Features in Men 

There are differences in frequency and fracture site 
between men and women. Boys have fractures of the 
extremities more frequently than girls. However, this 
is readily explained by: (a) the fact that boys are more 
active in sports than girls, particularly aggressive and 
contact sports, and by (b) the stronger physical force 
of young men. The diameter of the vertebral bodies 
and of the long bones is greater in men than in wom- 
en and this constitutes an important defence against 
fractures. The frequency of femoral neck fractures 
in men decreases during the period of 35-60 years 
of age and only begins to rise again after 70 years. 
Two main factors determine the differences in the 
condition of the skeleton between men and women. 
The first is the peak bone mass and the second is the 
late and slow decline in testosterone. Due to their 
greater physical activity and higher calcium intake, 
young men have a peak bone mass 25% greater than 


that of young women. Moreover, the age-related bone 
loss that begins at around 30 years of age is slower 
in men: 0.3% annually compared to 0.8% in women. 
Testosterone levels in men decline slowly with age so 
that the “andropause”, as it is now called, is not due to 
a sudden decrease in sexual hormones as in women. 
Women may lose up to 40% of their trabecular bone 
during their lifetime but men only about 14%. The 
comparatively low incidence of osteoporosis in men 
can be explained by: 

• A higher peak bone mass at maturity 

• Greater diameter of the long bones and vertebral 
bodies 

• A low rate of bone loss in later life 

• Men do not undergo the sudden hormonal decline 
equivalent to the menopause 

• The andropause is characterized by a later, gradual 
decrease 

• Men on average have a lower life expectancy, but 
this is changing (fortunately). 


25.3 

Prevention and Treatment in Men 

Prevention of osteoporosis in men starts with the 
investigation of calcium intake and blood levels of 
testosterone, which can be given as needed in gels, 
patches, tablets or by i.m. injections, for example 
250 mg testosterone enanthate i.m. every 3-4 weeks 
or testosterone patches 2.5 mg daily, though not of 
course to patients with carcinoma of the prostate. An 
International Consensus Document (see Stanworth 
and Jones 2008) has recently been published and pro- 
vides guidelines on the diagnosis, treatment and moni- 
toring of late-onset hypogonadism in men, as well as 
the utilization of the various testosterone preparations 
currently available. Isolated hypogonadotrophic hypo- 
gonadism (IHH) which may occur in severely obese 
men, possibly because of increased oestradiol produc- 
tion, can be treated by an aromatase inhibitor, such 
as letrozole at low dosages (2.5 mg weekly) to begin 
with. However, it is important to take into account that 
men may be subject to fractures at higher bone densi- 
ties than women, and that men have higher mortality 
rates than women after hip fractures. Although the 
level of vitamin D does not automatically decline with 
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age in healthy men, hypovitaminosis D is prevalent 
and therefore supplements are recommended. The fol- 
lowing program can be applied for the prevention of 
osteoporosis in men: 

• Daily intake of 1000 mg calcium and 1000 IU vi- 
tamin D 

• Regular physical activity, adapted to each patient 

• No smoking! 

• Moderate alcohol consumption only 

• Monitoring of testosterone levels and treatment as 
required 

• Monitoring additional disorders and medications 
which possibly affect the bones 

• Avoidance of falls and use of hip protection devices 
especially in elderly men. 


25.4 

Therapy of Osteoporosis in Men 

The same guidelines apply as for women: adequate 
calcium, vitamin D and exercise should be encour- 
aged. If the testosterone levels are found to be low 
and there are no contra-indications, intramuscular, 
subcutaneous or transdermal testosterone will in- 
crease bone mass. As demonstrated in clinical trials, 
the aminobisphosphonates are equally effective, safe 
and well-tolerated in men as in women! Alendronate, 
risedronate and zoledronate have been approved and 
are considered the bisphosphonates of choice for os- 


teoporosis in men, as already demonstrated in pro- 
spective studies (Fig. 25.1). However, fractures of 
the femoral shaft have occurred after long-term, i.e. 
>6 -year therapy with alendronate. Therefore, careful 
monitoring is required. It is worth emphasizing that a 
low BMD is associated with a higher risk of fractures 
and mortality in men and therefore adequate and early 
prevention is even more important. 

In spite of the efficacy of antiresorptive therapy, it 
is clear that anabolic agents to stimulate bone forma- 
tion could also play a significant part in prevention 
and therapy of primary osteoporosis in men. In this 
context, several reports have suggested that PTH, es- 
pecially as low- dose intermittent therapy, results in 
significant increases in BMD in male osteoporosis. 
However, results of long-term studies have not yet 
been published. Another novel treatment is short- 
term administration of growth hormone together 
with testosterone which appeared to have a favour- 
able effect on BMD, but long-term results of this 
combination are still awaited. Finally, more attention 
has been paid in recent years to replacement therapy 
in men; several options are under investigation and 
results should be published soon. These options in- 
clude SERMs, calcitonin and PTH alone or in vari- 
ous combinations. SERMs have already been used to 
maintain BMD in men during androgen deprivation 
therapy. A different approach to replacement therapy 
recently advocated is transdermal oestrogen, which 
avoided or substantially reduced unwanted side ef- 
fects and proved effective at a tenth of the cost of 


Fig. 25.1. Monitoring 
of bone mineral density 
(BMD) (L1-L3) before 
and during therapy with 
bisphosphonates 


Reference: L1-L3 Trend: L1-L3 
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conventional hormone therapies, in men with an- 
drogen deprivation due to prostate cancer. Andro- 
gen deprivation therapy (ADT) in men with prostate 
cancer has a considerable impact on muscle, fat and 
bone mass. Measurements were made at baseline 
and after 36 weeks of ADT in a cohort of men aged 
44-88 years with non-metastatic prostate cancer. At 


36 weeks, there were significant decreases in whole 
body and regional lean mass as well as in bone mass, 
while whole body and regional fat mass increased in 
the older men with prostate cancer. Strategies must 
be advised by the attending doctor and implemented 
by the patient to minimize the occurrence of sarco- 
penia, osteoporosis and obesity. 


Osteoporosis in Children 





During growth, the shape, architecture and strength 
of the bones are modulated by three major process- 
es: growth, modelling and remodelling. Modelling 
is of particular interest as it appears that bone is 
much more capable of responding to external loads 
during growth than at any other time. Remodelling 
also occurs during growth, but is limited and does 
not participate in active growth, i.e. to accrue bone. 
Information on the pattern of bone mineral deposi- 
tion is illustrated in Figs. 26.1 and 26.2, showing the 
plots and velocity curves of total body bone mineral 
content during growth. The authors of these longitu- 
dinal studies of boys and girls have also shown that, 
on average, 26% of adult total bone mineral was 
accrued during the 2 years around peak bone min- 
eral content velocity, at average ages of 12.5 years 
for girls and 14.1 years for boys. Furthermore, it is 
of interest that true bone density does not increase 
with size or age and reported increases in BMD with 
age are a reflection of growth and an increase in size 
rather than an increase in bone mineral per unit vol- 
ume. The crucial importance of food in childhood to 
achieve optimal physical and cognitive development 
has long been acknowledged, as has the recognition 
that the promotion of children’s health will help to 
reduce diet-related risks of many adult diseases, in- 
cluding degenerative and cardiovascular disorders, 
type 2 diabetes, cancers, obesity and osteoporosis. 


Consequently, nutrition guidelines for children from 
2 to 11 years have just been published: the Position 
of the American Dietetic Association. 

26.1 

First Clarification - Hereditary 
or Acquired? 

Though osteoporosis rarely occurs in children, it may 
do so and cause severe pain, multiple fractures and 
lifelong limitations of movement and locomotion un- 
less adequately treated. Osteoporosis in children is 
often not diagnosed until after one or two fractures 
have occurred or if low density is suspected on radio- 
graphs (Table 26.1). Consequently, increased aware- 
ness is just as important, if not more so, than for adults, 
as any decrease in bone density during childhood and 
adolescence which remains uncorrected will have a 
negative impact on peak bone mass with increased 
risk of osteoporosis later in life. 

Osteoporosis in children has not yet been officially 
defined. The WHO definition is based on values for 
adults. However, recommendations for paediatric 
densitometry have now been published. In practice, 
however, the diagnosis is based on a bone density 
measurement (Fig. 26.3): 

• More than 2 SD below the average value of a child 
of similar age with healthy bones 

• Number of pathologic fractures. 

Musculoskeletal complaints are relatively frequent in 
children, accounting for about 20% of visits to the 
doctor. This is not surprising taking into account that 
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Fig. 26.1. Total body bone mineral content for boys and girls 
according to age (modified from Baily [1996]) 

bone is a very active organ metabolically and main- 
tains homeostasis of calcium and phosphorus, so that 
an imbalance may result in many osteological and 
other metabolic disorders. 

The differential diagnosis includes rheumatic 
disorders, infections, metabolic bone disorders, neu- 

Table 26.1. Investigation for underlying disease in childhood 
osteoporosis 

• Complete blood count and ESR 

• Renal and liver function (serum) 

• Glucose (serum, urine) 

• TSH (serum) 

• Calcium, phosphate (serum) 

• Alkaline phosphatase (serum) 

• Vitamin D and PTH (serum) 

• Fasting urine calcium 

• X-ray skull and lumbar spine 

• Bone turnover markers 

• Bone/bone marrow biopsy (when indicated) 



9 10 11 12 13 14 15 16 17 18 19 


Age in years 

Fig. 26.2. Velocity curves depicting sex and age differences 
in timing and magnitude of peak bone mineral accrual (modi- 
fied from Baily [1996]) 

ropathies and specific orthopaedic conditions, among 
others. All may be associated with osteopenia/osteo- 
porosis. The first steps in diagnostic evaluation include 
family history, physical examination and elementary 
laboratory tests. 

The major causes of osteopenia/osteoporosis in 
children, both congenital and acquired, are listed be- 
low in alphabetical order (this list is not exhaustive): 

• Acute leukaemias, lymphatic and myeloid: Long- 
term survivors of cancer are at risk for low bone 
mineral density (BMD) and must be given preven- 
tive treatment. 

• Anorexia nervosa and binge eating. 

• Anticonvulsant therapy. 

• Asthma bronchiale: the effects of long-term cortico- 
steroid use on BMD have been evaluated in the Child- 
hood Asthma Management Program (CAMP) study. 
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Fig. 26.3. Dual-energy 
X-ray absorptiometry 
measurement of bone mineral 
density ( BMD ) in a 15 -year- 
old child with osteoporosis. 
Marked increase of BMD 
after therapy with a 
bisphosphonate for 
approximately 3 years 
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• Biliary atresia. 

• Cerebral palsy: early preventive therapy in children 
1-6-years old is especially indicated. 

• Chronic hepatic disorders. 

• Chronic renal insufficiency. 

• Crohn’s and celiac diseases: >40 % of children with 
celiac disease have reduced BMD, and >75 % if the 
diagnosis is delayed. 

• Congenital autoimmune disorders, especially those 
treated with glucocorticoids. 

• Glucocorticoid therapy. 

• Cushing’s syndrome. 

• Cyanotic congenital heart disease. 

• Cystic fibrosis: especially with lower BMD in the 
early stages. Early recognition and preventive ther- 
apy indicated. 

• Diabetes mellitus: children with diabetes are liable 
to accelerated tooth eruption, so special attention to 
oral health is required. 

• Drugs: metabolic and endocrine adverse conse- 
quences may occur as a result of anti-psychotic 
agents. Therefore, children must be carefully moni- 
tored, with attention to size and weight according 
to sex and age. 

• Glycogen storage disorders. 

• Growth hormone deficiency. 

• Homocystinuria. 

• Hypogonadism (e.g. Turner’s and Klinefelter syn- 
dromes). 

• Idiopathic hyperphosphatasia. 


• Hypoparathyroidism. 

• Infections and their consequences if chronic, e.g. 
hepatitis C with metabolic risk factors. 

• Juvenile chronic arthritis. 

• Juvenile Paget’s disease. 

• Malabsorption syndromes. 

• Malignancies such as sarcomas: rhabdomyosarcoma 
is the commonest sarcoma in children. 

• McCune Albright syndrome: characterized by the 
classic triad of fibrous dysplasias, skin manifesta- 
tions which may appear shortly after birth and pre- 
cocious puberty. All require therapeutic attention, 
including the musculoskeletal conditions which are 
frequently treated by bisphosphonates. 

• Neurofibromatoses. 

• Obesity. 

• Organ transplantations: in the past, children who 
underwent organ transplantations had a highly 
elevated prevalence of fractures, so that today, 
pre-transplant evaluation of BMD, risk factors 
and preventive programs are initiated before the 
transplantation and continued in particular there- 
after when the risk factors are even greater due to 
immunosuppressive therapy, short- or the longer- 
term immobilization, as well as nutritional and 
other factors. Screening for additional fractures 
is also carried out regularly. One recent inves- 
tigation, a controlled study of a resistance and 
aerobic exercise training program started in the 
hospital after the transplantation, clearly demon- 
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strated the physical and overall health benefits of 
regular training. 

• Renal disorders: for example decreased activity of 
renal 1 alpha-hydroxylase results in decreased in- 
testinal calcium absorption, increased parathyroid 
hormone (PTH) levels and high turnover renal 
osteodystrophy with subsequent growth failure, 
hypercalcaemia, cardiovascular and other compli- 
cations. Therapy must be very carefully adjusted, 
taking all these aspects into consideration. In prac- 
tice, changes in mineral and skeletal metabolism 
characterize chronic kidney disease (CKD). CKD in 
growing children is particularly detrimental in view 
of its potentially adverse effects on the skeleton. 
Many reviews of therapy of chronic and acute CKD 
have been published, including effects on mineral 
metabolism and the cardiovascular system. Skeletal 
changes, including visible alterations of the head and 
face, known as Sagliker syndrome due to secondary 
hyperparathyroidism (HPT), can be very severe in 
CKD, if not prevented by early therapy. Once they 
are established, reversal is well-nigh impossible, as 
emphasized in a recent international review of the 
possible changes and deformities, and the necessity 
of early preventive therapy (Sagliker et al. 2008). 

• Rheumatic disorders: Central nervous system (CNS) 
involvement in numerous such disorders has recently 
been documented and the manifestations, diagnoses 
and therapies outlined (Buzova 2008). 

• Spinal cord injury. 

• Thalassaemia. 

Clearly, it is not practical to deal with all or even most 
of the conditions listed above, though many have been 
studied. However, a recent systematic review of ju- 
venile idiopathic arthritis (IJA) should be mentioned. 
The short- and long-term data available indicated that 
children with IJA had lower BMD and more fractures 
than those without. Bisphosphonates are considered a 
promising therapy, but sufficient evidence-based data 
are not yet available. 

Acute immobilization decreases bone formation and 
increases bone resorption. Additionally, bone growth 
is severely impaired in prolonged immobilization, due 
to a lack of mechanical stimulation. Further important 
mechanisms of osteoporosis in children include: 

• Inadequate production of collagen type I (congenital 
disorders) 


• Prolonged immobilization (fractures or neurologic 
disorders) 

• Inflammatory cytokines (chronic rheumatic disor- 
ders) 

• Deficiency of vitamin D (nutrition and gastrointes- 
tinal disorders) 

• Neoplastic diseases of the bone marrow (oncologic 
disorders). 

Glucocorticoid therapy is an integral part of the treat- 
ment of many disorders, and therefore the BMD of the 
children should always be checked before the initia- 
tion of therapy and the relevant prevention program 
initiated. The conditions include: renal glomerular dis- 
eases, dermatomyositis, inflammatory bowel diseases, 
juvenile rheumatoid arthritis, post organ transplan- 
tation and Duchenne muscular dystrophy. Therapy 
with glucocorticoids and immunosuppressive drugs 
is given for example for oncological disorders and 
transplantations. However, it should be stressed that 
the causes of osteoporosis in children with cancer 
are multifactorial. Several reviews have stressed that 
more awareness is required of the adverse effects of 
cancer treatment in long-term survivors, especially 
in view of the fact that, fortunately, increasing num- 
bers of childhood cancer patients are surviving and 
require close monitoring so that timely application 
of preventive measures is facilitated. The Bonel and 
the Bonel 1 studies have been designed and initiated 
precisely for this purpose: Bonel for identification of 
survivors and estimation of reduced BMD, as well 
as risk factors for osteopenia/osteoporosis; Bonel 1 
for nutritional counselling and estimation of the ef- 
fects of supplements of vitamins and calcium on the 
markers of bone remodelling in serum and urine. The 
accumulated data is expected to provide the baseline 
for further studies in the management of survivors. In 
the meantime, the Children’s Oncology Group (2008) 
has provided guidelines for the long-term follow-up 
of survivors of childhood and adolescent cancers and 
given recommendations for the diagnosis and man- 
agement of osteopenia/osteoporosis. 

Paediatric patients with HIV infection face a life- 
time of anti-viral treatment with all the attendant side 
effects and toxicities, which must also be treated and 
managed, among them osteopenia and osteoporosis 
with the consequences thereof. Moreover, beneficial 
changes in IGF-1 and lean body mass, but not in linear 
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growth, have been noted in children under anti-ret- 
roviral therapy, which has also been associated with 
increases in lipid measurements and in insulin resis- 
tance. These changes were presumed to be associated 
with immune restitution and levels of insulin-like 
growth factor (IGF)-l. HIV infection-associated pro- 
teinuria in children with kidney disease can be ame- 
liorated and progression of the renal disease prevented 
by initiation of highly active antiretroviral (HA ART) 
therapy. 

Insufficient physical activity , not caused by a neu- 
rologic deficit, but by the general physical condition 
as well as psychological aspects could be responsible 
for sedentary habits which in turn account for a low 
BMD, for example sedentary habits in children with 
haemophilia. These children may be somewhat appre- 
hensive because of the risk of bleeding. 

Adolescent athletes’. According to the literature, 
about a quarter of teenage girls are liable to develop 
amenorrhea, in spite of increased physical activities. 
This hypogonadism has a negative impact on bone 
metabolism, which is particularly detrimental at this 
age, during the time of accrual of the peak bone mass, 
so that preventive measures are mandatory. 

Treatment of childhood osteoporosis includes gen- 
eral measures such as: 

• Adequate pain relief in children with vertebral frac- 
tures. 

• Orthopaedic procedures to fix fractures of the long 
bones. 

• Physiotherapy with rehabilitation to improve muscle 
strength. 

• Occupational therapy if necessary. 

• Protection of the spine. 

• Periods of bed rest in paediatric illness should be 
minimized to avoid immobilization osteoporosis, 
for which immediate therapy should be considered 
if long periods of rest (matter of months) are an- 
ticipated. 

Literature on the medical treatment of childhood os- 
teoporosis is limited and still not evidence-based, but 
some studies have been reported and the following 
recommendations made: 

• Calcium and vitamin D supplementation is recom- 
mended although there is little evidence of benefit 
in the studies available. Nevertheless, a recent study 
from the UK emphasizes the fact that the majority 


of teenage boys and girls fail to meet the UK Gov- 
ernment targets for calcium intakes. Most probably 
this applies to many other countries as well. The 
importance of this lies in the fact that 90% of the 
peak bone mass is attained by the age of 18 years 
in girls and 20 years in boys. Attention has now 
been drawn to the fact that hypovitaminosis D is 
worldwide in children and young people. Studies 
have shown that it is even prevalent in healthy in- 
fants and toddlers! Moreover, today when obesity 
is considered almost a global epidemic due to its 
prevalence in many developed and so-called un- 
der developed counties, attention must be paid to 
the nutritional requirements of obese children, who 
frequently suffer from hypovitaminosis D. These 
children are at increased risk of developing impaired 
glucose metabolism with the complications that this 
implies, including effects on the bones. The good 
news is that it has been conclusively demonstrated 
that vitamin D can safely be given to children in 
high doses (14,000 IU) once a week. Moreover, as 
mentioned earlier, it has been confirmed that poor 
nutrition in early childhood may accelerate age- 
ing and predispose to various age-related disorders. 
Therefore, a first priority is the provision (and of 
course the ingestion) of an adequate well-balanced 
diet from a very young age onwards. 

• Calcitriol has been investigated in several small 
studies with improvement (though not significant) 
in symptoms, fracture risk and BMD. 

• Growth hormone is a powerful anabolic agent and 
it is well established that children with growth 
hormone deficiency benefit from growth hormone 
therapy. 

• Calcitonin is known to inhibit bone resorption and 
some small studies have shown that bone pain may 
disappear and radiographic signs of osteoporosis 
may improve under intranasal administration of 
calcitonin. 

• Bisphosphonates have also been investigated in 
childhood osteoporosis and there have been sev- 
eral encouraging studies in idiopathic juvenile 
osteoporosis (IJO) and osteogenesis imperfecta. 
Concern has been expressed about potential ad- 
verse effects on the growing skeleton, though so 
far these have not appeared and sequential bone 
biopsies showed normal, lamellar bone without 
development of osteomalacia. There were also 
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no adverse effects on fracture healing or growth 
rate. Indeed, nitrogen-containing bisphosphonates 
are a treatment option in childhood osteoporosis, 
but randomized controlled studies are required. 
Although not yet approved by the FDA for use 
in children, nitrogen-containing bisphosphonates 
demonstrated benefits to the children treated, with 
no serious adverse effects. Indeed, bisphospho- 
nates are the first agents to give paediatricians the 
opportunity to treat bone disorders of childhood 
effectively. It is important to realize that spontane- 
ous improvement without any medical treatment 
may also occur. Thus, for some children with os- 
teoporosis, it may be appropriate to monitor their 
progress over time - “watch and wait” - particu- 
larly if they appear to have stopped breaking their 
bones. This would also depend on the cause and 
circumstances of the child’s daily life. 


26.2 

Idiopathic Juvenile Osteoporosis, 
Idiopathic Juvenile Arthritis, 
and Other Conditions 

In the absence of a primary causative condition, the 
diagnosis of idiopathic juvenile osteoporosis (IJO) is 
made. IJO is a transient, non-hereditary, rare form of 
childhood osteoporosis without extraskeletal involve- 
ment. In the absence of fractures the term “osteopenia 
in childhood” would be more appropriate. It is im- 
portant to exclude other possible causes of vertebral 
collapse such as acute leukaemia. 


The aetiology of IJO has not yet been elucidated. A 
decrease in osteoblastic reactivity has been reported, 
and consequently the skeleton no longer adequately 
adapts to the increased mechanical loads during 
growth. Spontaneous remissions are the rule and with 
onset before puberty (mostly between age 8 and 12 
years of age). 

Differential diagnosis’. Osteogenesis imperfecta 
(01) is the commonest congenitally determined condi- 
tion with osteoporosis which must always be carefully 
excluded (Table 26.2). Osteoporosis-pseudoglioma 
syndrome is a very rare congenital disorder with se- 
vere osteoporosis and blindness. 

The clinical picture presents three different mani- 
festations: 

• Fractures of the extremities, especially of the tra- 
becular bones, occasionally with an early onset, 
even early post natal, pain in the ankles and knees, 
with fractures of the lower extremities. 

• Fractures of vertebral bodies with backache, kypho- 
sis, decrease in height and difficulties in locomotion 
(walking, running). 

• Evidence of low bone density (dual-energy X-ray ab- 
sorptiometry, DXA) without pathologic fractures. 

The diagnosis of IJO is made by exclusion of 01 and of 
diseases causing secondary osteoporosis. It should be 
emphasized that IJO is strictly a diagnosis of exclusion 
and that malignancies in the marrow must be consid- 
ered. Diagnosis requires X-rays of the lumbar spine in 
two planes. When 01 is suspected, X-rays of the long 
bones are also required to check for the characteristic 
metaphyseal compression fractures. The long bones 
are usually of normal width in IJO, the cortex might 


Table 26.2. Differential diagnosis between idiopathic juvenile osteoporosis (IJO) and osteogenesis imperfecta (01) 



IJO 

OI 

Family history 

Absent 

Often positive 

Onset 

Late childhood 

Birth or soon after 

Duration 

1-4 years 

Lifelong 

Clinical finding 

Abnormal gait metaphyseal fractures, back pain 

Abnormal dentition 
Blue sclerae 
Long bone fractures 

Growth rate 

Normal 

Normal or decreased 

Radiologic findings 

Vertebral fractures “Neo-osseous osteoporosis” 

Thin cortex of long bones 

Bone biopsy 

Decreased bone turnover 

Increased bone turnover 

Connective tissue defect 

No 

Collagen abnormalities 
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be thinned and metaphyseal fractures are common. 
On X-rays, the new bone formed in metaphyseal areas 
appears as a radiolucent band (“neo-osseous osteo- 
porosis”). The onset of 01 is usually much earlier in 
life. The children often have blue sclerae and abnor- 
malities of collagen. Bone density should preferably 
be measured by DXA of the lumbar vertebrae and, 
if possible, a whole body measurement. For children 
weighing less than 30 kg, a special paediatric software 
program is required. The modern bone marker NTX 
is useful for differentiating 01 and IJO. 

There are no known biochemical characteristics, 
and alterations of bone markers are non-specific. 

With the introduction of bisphosphonates , therapy 
of osteoporosis in children is now simple and effec- 
tive. Several clinical trials have already provided evi- 
dence for an increase in bone density and a reduction 
in fracture risk in children treated with bisphospho- 
nates. Previous fears that such therapy might interfere 
with the growth of the long bones have not been sub- 
stantiated. In addition, the osteomalacia seen under 
therapy with the earlier bisphosphonates is no longer 
observed with the newer more potent aminobiphos- 
phonates, which can be given orally or as infusions at 
3-6 month intervals. Since randomized clinical trials 
in children have not yet been carried out, treatment 
should only be undertaken in paediatric centres, after 
consultation with the Ethics Committee and signed 
consent by the parents or guardians has been obtained. 
Calcium 500-1000 mg daily and vitamin D 500-1000 
IU daily should also be given as basic therapy. Cal- 
citriol - the active metabolite of vitamin D - could 
also be considered. 

Patients with IJO can experience a complete re- 
covery within a few years. Growth may be somewhat 
impaired during the active phase of the disease, but 
normal growth resumes thereafter. However, in some 
cases, IJO may result in permanent disability such as 
kyphoscoliosis or even collapse of the rib cage. Since 
children undergo spontaneous remissions especially 
when there is osteopenia without fractures, in these 
cases a policy of watch and wait is recommended to 
begin with. 

Children with IJA often have quite considerable 
physical impairment. Some do not respond to medica- 
tion and are then treated with immunosuppression fol- 
lowed by autologous haematopoietic stem cell trans- 
plantation, which can induce long-term remissions. 
However, they have long-term (9 years in one study) 


impaired exercise tolerance, while functional ability 
and joint status were also decreased. These children 
require special attention and management to prevent 
long-term complications including osteoporosis. 

26.3 

Osteogenesis Imperfecta Must Not 
Be Overlooked! 

This congenital condition should be considered in ev- 
ery case of severe osteoporosis occurring in infancy 
and childhood. A thorough family history and physical 
examination are important diagnostic aids. The spine 
frequently shows severe changes, but fractures oc- 
cur primarily in the extremities (Figs. 26.4 and 26.5). 
Attempts to explain the pathophysiology of OI are 
being made by application of the still-evolving Utah 



Fig. 26.4. Massive narrowing of all the vertebral bodies and 
ballooning of the intervertebral discs in a patient with osteo- 
genesis imperfecta 
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Fig. 26.5. X-ray of girl with osteogenesis imperfecta showing 
thin cortices and poorly mineralized bone. Note old, healed 
and new fractures with surgical stabilization 


paradigm of skeletal physiology; however, results have 
not yet been widely publicized and accepted. 

Various genetic mutations have now been related 
to different types of 01 showing differences in clini- 
cal features. Different mutations of the genes for col- 
lagen type I occur. When even one of the amino acids 
is incorrectly incorporated into the collagen molecule, 
a defective molecular structure may result. As a conse- 
quence, the helical structure of collagen is altered which 
in turn leads to a fault in the quality of the bone as 
evidenced by lack of lamellar structure and susceptibil- 
ity to breakdown by collagenases. In addition to bone, 
other organs that incorporate collagen type I are also 
affected, as shown by the following manifestations: 

• Thin blue sclerae (Fig. 26.6), rupture of sclerae, 
keratoconus 

• Anomalies of the teeth which appear brown and 
transparent and are liable to rapid shedding 



Fig. 26.6. Blue sclerae in a patient with osteogenesis imper- 
fecta 


• Anomalies of the heart valves and aorta, prolapse 
of the mitral valve, aortic insufficiency 

• Deafness due to damage to the stapes in the middle 
ear 

• Kidney stones and hypercalciuria 

• Hyperplastic callus formation. 

01 occurs in 1 of every 20,000 live births. There are 
approximately 15,000 patients with OI in the US. The 
condition varies from apparently typical osteoporosis 
to severe skeletal anomalies in childhood. Four types 
of OI are distinguished: 

• Mild form with blue sclerae (Type I) 

• Lethal perinatal form (Type II) 

• Progressive deforming form (Type III) 

• Mild form without blue sclerae (Type IV). 

Previous attempts at therapy with fluorides were un- 
successful, as were bone marrow transplants includ- 
ing replacement of stromal cells. Today, early admin- 
istration of bisphosphonates is the therapy of choice, in 
severe cases by infusions every 3 months, otherwise 
orally. Recent studies have shown that oral alendro- 
nate therapy is safe and effective in children with OI, 
even very young ones. 

Over the past 3 years we have treated 50 patients 
with aminobisphosphonates, both orally and intrave- 
nously. All showed the following impressive improve- 
ments in their conditions: 

• Increase in bone density 

• Increase in bone quality demonstrated in sequential 
biopsies 

• Decrease in symptoms, especially bone pain 
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• Striking decrease in fracture rate (before therapy 
up to 12 fractures annually!) 

• Bone healing was not impaired 

• Despite decreasing bone turnover, aminobisphos- 
phonates did not impair growth. 

Calcium and vitamin D are given together with the 
bisphosphonates to improve the mineralization of the 
newly formed bone. Results of several clinical tri- 
als of bisphosphonates (pamidronate, zoledronate, 
neridronate) in children and adults with 01 have now 
been published. BMD and physical activity increased 
markedly under treatment with bisphosphonates and 
the fracture rate decreased by 65 %. After 4 years of 
treatment with pamidronate, bone mineral content, 
bone volume and volumetric bone mineral density 
were 54%, 44% and 65% higher, respectively, in 
treated than in untreated patients who were matched 
for age and type of 01. Patients with larger deficits in 
bone mass at baseline had a more marked gain of bone 
mass during therapy. An interesting effect of bisphos- 
phonate therapy in young children is delayed eruption 
of teeth, previously described in animals. A study has 
confirmed that under bisphosphonate therapy, tooth 
eruption in children with 01 was delayed for a mean 
period of 1.67 years. 

It is noteworthy that long-term adverse side effects 
have not been reported. On the contrary, it has been 
claimed that, until the advent of realistic gene therapy, 
bisphosphonates appear to be the most efficient way 
of arresting the progression of 01 and improving the 
quality of life of the patients, irrespective of type of 
collagen mutation, clinical severity and age at start of 
therapy. A recent review and update on the diagno- 
sis, classification, pathophysiological mechanisms and 
current therapy has been published (Glorieux 2008). 

The potential for direct replacement of collagen- 
producing cells in the bone marrow (stem cell therapy) 
has led to a limited number of studies in severely af- 
fected infants, with variable results. 

In Summary: Treatment of childhood osteoporotic 
syndromes requires an interdisciplinary approach 
including orthopaedic surgeons, physiotherapists, 
occupational therapists, dentists, paediatricians and 
psychologists for immediate therapy, further informa- 
tion and support and to prevent and care for recur- 
rent fractures. Appropriate organizations and support 
groups (e.g. Osteogenesis imperfecta Foundation) are 
very important for patients and their families. 


26.4 

Turner Syndrome and Charge 
Syndrome 

Two other congenital disorders with very complex and 
distinctive features including retarded growth and de- 
velopment are Turner syndrome and Charge syndrome. 
These both require a multidisciplinary approach to ther- 
apy. Turner syndrome affects only female infants, girls 
and women, who all have a lifelong risk of osteoporosis. 
This risk must be managed according to age-related re- 
quirements, including appropriate dietary factors, e.g. 
calcium and vitamins, as well as hormones at the men- 
arche, modified hormone replacement therapy (HRT) 
after the menopause and appropriate anti-osteoporotic 
therapy thereafter to prevent involutional osteoporosis. 
Similar considerations are applicable to patients with 
Charge syndrome regarding nutrition, hormones and, 
for both groups, the correct physical exercise and train- 
ing to maintain the bones. In this connection, it is worth 
mentioning that abnormal growth in childhood could 
well be the first manifestation of as yet undetected dis- 
orders, for the possible presence of which the children 
should be thoroughly checked, for example according 
to the recommendations of the Dutch Consensus Guide- 
line (DCG). The diagnostic procedure should include 
testing for celiac disease and Turner syndrome. Young 
girls with primary amenorrhea should also be checked 
for Turner syndrome. 

26.5 

X-Linked Hypophosphatemic Rickets 

These children also require early growth hormone 
treatment, which improves serum levels of phosphate 
and vitamin D and normalizes parathyroid function. 
However, the degree of improvement in rickets should 
be checked by investigation of the mineralization of 
bone. If there is evidence of early skeletal deformities, 
these must be carefully followed. 

26.6 

Gaucher's Disease 

Gaucher’s disease is the most common lysosomal 
storage disorder. It is due to a deficiency of the en- 
zyme glucocerebrosidase. The disease is divided into 
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sub-types, of which the non-neuropathic is the most 
common and has the greatest variability. Prominent 
clinical manifestations are hepatosplenomegaly, cy- 
topenias, and skeletal disorders. Early recognition, 
diagnosis and therapy are essential to prevent dis- 
ease progression, which includes irreversible skeletal 


deformities and other severe co-morbidities. Safe and 
efficient enzyme substitution therapy has been avail- 
able for nearly two decades. The essential factor is 
early diagnosis and it has been shown that over 50% 
of affected children present symptoms well before the 
age of 10 years. 


Immobilization Osteoporosis 



Possible causes include spinal cord injuries, strokes, 
hospitalization (prolonged), post-fracture conditions 
and others. 

27.1 

Examples of Bone Loss 

Insufficient physical activity is one of the most impor- 
tant overall risk factors for osteoporosis. This is espe- 
cially true for young bed-ridden patients who can lose 
up to 30% of their bone density within a few months, 
while years are required for its replacement - that is for 
restoration of density as it was before, i.e. “restitutio 
ad integrum” (Figs. 27.1 and 27.2) (see also Bartl and 
Frisch, Atlas of Bone Biopsy in Internal Medicine). For 
example, when an arm is enclosed in plaster for 3 weeks 
after a fracture, the immobilized bones may lose up to 
6% of their bone mass during this short period. A study 
of patients confined to bed has shown that, on average, 
trabecular bone decreases by about 1% a week. When 
physical activity is resumed, bone density increases by 
1% a month - considerably slower than its loss. 
Examples of causes of immobilization bone loss are: 

• Damage to the vertebral bone marrow with deleteri- 
ous effects on the bone 

• Hemiplegia after cerebrovascular incidents 

• Paraplegia of the lower half of the body 

• Immobilization after fracture of the lower extremi- 
ties (rapid bone loss especially in children) 

• Immobilization after surgery on the legs or feet with 
subsequent reduced mobility for prolonged periods 

• Immobilization due to muscular diseases or neuro- 
logical disorders, e.g. multiple sclerosis. 


In a recent study, 20 paediatric patients (age 1-16 
years, bed-ridden due to cerebral palsy) were success- 
fully treated with risedronate to prevent secondary 
osteoporosis. It has recently also been demonstrated 
that there is a significantly increased prevalence of 
osteoporosis in both men and women with multiple 
sclerosis. Consequently, bone density screening and 
appropriate measures, including bisphosphonates, 
need to be undertaken to avoid fractures in these pa- 
tients. Shortly after the occurrence of paraplegia, bone 
loss can be so rapid and extensive that relatively mi- 
nor efforts can cause fractures (for example transfer 
from bed to wheelchair, or the effort of pulling up tight 
supportive stockings and socks). After 1 year, 42% of 
paraplegic patients have osteoporosis of the femoral 
neck. The muscular spasms some patients undergo 
may have a positive effect on bone density, but such 
cramps are painful and patients prefer to avoid them 
by appropriate therapy. It is essential to emphasize 
that early initiation of physical training and activity 
is mandatory for all patients. Prophylactic initiation 
of bisphosphonate therapy does avert and reduce bone 
loss, but therapy must be continued to maintain bone 
in the long term. 

Patients who already have osteoporosis and are 
immobilized for several weeks due to a fracture are 
likely to incur a further fracture during their mobili- 
zation period, unless preventive measures are taken as 
early as possible. The period of postoperative bed rest 
should be kept as short as possible and the bones pro- 
tected by effective medication, e.g. bisphosphonates 
to prevent further loss of bone mass, physiotherapy, 
if at all possible, and attention to proper nutrition and 
supplements. 


R. Bartl, B. Frisch, Osteoporosis , DOI 10.1007/978-3-540-79527-8_27, 
© Springer-Verlag Berlin Heidelberg 2009 
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Fig. 27.1. Immobilization osteoporosis in a child after 17 
weeks’ of bed rest: marked reduction in volume of trabecular 
and cortical bone, documented in sequential iliac crest biopsies 
(from Bartl and Frisch [1993]) 
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Fig. 27.2. Periods of immobilization and recovery of bone 
mass in children. Lack of recovery after paralysis (from Bartl 
and Frisch [1993]) 


27.2 

Space Travel and the Force of Gravity 


27 . 2.7 

Weightlessness in Space Due to Lack 
of Gravitational Force 

Astronauts undergo specialized and regular muscu- 
loskeletal training before and during space flight to 


counteract the absence of the force of gravity in outer 
space. In spite of this they lose about 1% of their 
bone density every month. A study of the bones of 
rhesus monkeys before and after a 14 -day space flight 
revealed that they had sustained a 35% reduction in 
bone volume. In the conditions prevailing in outer 
space, astronauts are subject to a ten-fold higher bone 
loss than earth-bound osteoporotic patients. This dem- 
onstrates unequivocally that the earth’s gravitational 
force is nature’s way of preserving the skeleton. The 
mechanisms of bone loss in astronauts have been thor- 
oughly investigated and are used today as models for 
immobilization osteoporosis. Three main factors are 
recognized: 

• Demineralization of bone 

• Inhibition of osteoblastic activity 

• Activation of osteoclasts. 

Timely preventive measures, i.e. before and during the 
flight, are mandatory. Recommendations made so far 
include the following: supplements of calcium, vita- 
mins D and K, a bone anabolic agent and a long- act- 
ing bisphosphonate well before the flight, in addition 
to the specialized exercise training mentioned above. 
The most recent investigation in animals studied the 
efficacy of zoledronate and OPG. 


27.3 

Therapy of Immobilization 
Osteoporosis 

The emphasis is on physical activity as early and as 
varied as possible, adapted to each patient’s condi- 
tion and ability. The primary aim of medication is 
prevention; therefore, bisphosphonate therapy should 
be started as early as possible and in accordance with 
the results of bone density measurements. This is es- 
pecially important as the massive decrease in bone 
density which occurs immediately after the onset of 
paralysis (immobilization) should and can be prevent- 
ed. The following are recommended: 

• Alendronate (Fosamax®) 70 mg weekly. 

• Risedronate (Actonel®) 35 mg weekly. 

• Ibandronate (Bonviva®) 3 mg injection monthly, 
later every three months. 

• Zoledronate (Aclasta®) 5 mg infusion once a year. 
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(The first two only if the patient is able to sit up 
straight for at least 30 min after ingestion and there 
are cogent reasons for oral administration. Intrave- 
nous administration, as indicated above is definitely 
preferable!) 


Investigations to identify the best preventive thera- 
py for astronauts are still ongoing, including attempts 
at more targeted interventions. When established, 
these will undoubtedly also be adapted for immobili- 
zation osteoporosis here on planet earth. 


Osteoporosis in Medical Disciplines 
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28.1 

Assessment of Secondary 
Osteoporoses 

The first step in any assessment is the separation 
of “primary” or “idiopathic” from the “secondary” 
osteoporoses which have an underlying cause, i.e. a 
specific disease or disorder. “Primary osteoporosis” 
refers mainly to postmenopausal and age-related invo- 
lutional osteoporoses, in spite of the fact that a number 
of factors contributing to their pathogenesis are al- 
ready known. “Secondary osteoporoses” are respon- 
sible for about 20% of all osteoporotic fractures. Sec- 
ondary causes of osteoporosis, i.e. as co-morbidities, 
are also frequent in older patients who already have 
primary involutional osteoporosis (Table 28.1). Physi- 
cians should consider the possible causes of secondary 
osteoporosis, particularly when patients present with 
any of the following: 

• Unusual fractures 

• Very low bone densities for their age 

• Recurrent fractures despite adherence to effective 
therapy 

• Abnormal basic laboratory tests (anaemia, hypo- 
and hypercalcaemia, elevated ESR) 

• Unexplained bone pain 

• Undetermined bone lesions on bone scan or X-ray 
(metastases, myeloma, malignant lymphomas, mas- 
tocytosis) 

Osteoporosis is most likely to occur in the disciplines 
discussed below. Only conditions not dealt with in other 
chapters are included here. This list represents the ma- 
jor secondary disorders which may affect the bones. 


28.2 

Cardiology 

Many reports have dealt with the connection between 
osteoporosis and cardiological conditions. For exam- 
ple, a recent study investigated the presence of osteo- 
porosis in 198 patients undergoing coronary angiog- 
raphy because of chest pain. The results showed that 
53 (27%) had osteoporosis, 79 (40%) had osteopenia 
and only 66 (33%) had normal bone mineral density 
(BMD) values. Moreover, 76% of the patients with 
osteoporosis and 78% of those with osteopenia had ob- 
structive coronary artery disease. This would suggest 
that patients who come for angiography should also 
be checked for osteoporosis, especially in the older 
age groups. Another study investigated the level of 
vitamin D in 3299 patients sent for coronary angiog- 
raphy. The patients were followed for a median period 
of 7.75 years during which 95 patients died of cancer. 
The authors concluded that deficiency or insufficiency 
of vitamin D is associated with an increased risk of 
cancer in patients with cardiovascular disease, which 
itself also has a correlation with vitamin D deficiency. 
This was demonstrated in an investigation of 1739 
people with a mean age 55 years, the Framington Off- 
spring Study participants, all without cardiovascular 
disease. Initial levels of vitamin D were assessed and 
the participants followed-up for a mean period of 5.4 
years, during which 120 participants with low levels of 
vitamin D underwent a first cardiovascular event. The 
authors concluded that more studies were required for 
confirmation and determination as to what influence 
on the cardiovascular system correction of the vitamin 
D deficiency might have. 


R.Bartl, B. Frisch, Osteoporosis , DOI 10.1007/978-3-540-79527-8_28, 
© Springer-Verlag Berlin Heidelberg 2009 


203 



204 


28 Osteoporosis in Medical Disciplines 


Table 28.1. Diseases and surgery associated with an increased 
risk of generalized osteoporosis (alphabetical list) 

Diseases 

Acromegaly 
Addison’s disease 
Amyloidosis 
Ankylosing spondylitis 
Anorexia nervosa 

Chronic obstructive pulmonary disease 

Congenital porphyria 

Crohn’s disease 

Cushing’s syndrome 

Diabetes mellitus 

Endometriosis 

Gaucher’s disease 

Gonadal insufficiency 

Haemochromatosis 

Haemophilia 

Hyperparathyroidism 

Hypophosphatasia 

Hyperthyroidism 

Idiopathic scoliosis 

Immobilization 

Lactose intolerance 

Lymphoma and leukaemia 

Malabsorption syndrome 

Mastocytosis 

Metastatic disease 

Multiple myeloma 

Multiple sclerosis 

Nutritional disorders 

Osteogenesis imperfecta 

Parenteral nutrition 

Pernicious anaemia 

Primary biliary cirrhosis 

Rheumatoid arthritis 

Sarcoidosis 

Thalassaemia 

Thyrotoxicosis 

Surgery 

Gastrectomy 

Intestinal bypass 

Thyroidectomy 

Transplantation 


Patients after surgery on the cardiac valves and on 
long-term anticoagulant therapy (depending on the 
anti-coagulant used) are particularly vulnerable to 
bone loss. Additional causes are insufficient physical 
activity or immobilization due to chronic cardiac in- 
sufficiency. Cardiac patients who are candidates for 
transplantation should also be checked for osteoporo- 
sis before and after in order that preventive therapy 
may be given and fractures avoided. Excessive alcohol 
consumption has also been related to cardiomyopathy 
and eventually to heart failure. 

Atherosclerosis and osteoporosis are both multifac- 
torial disorders related to the ageing process. There 
is accumulating evidence that progressive telomere 
shortening is involved in both cardiovascular and 
other cardiometabolic disorders. Vascular calcifica- 
tion has been linked to high levels of vitamin D and 
to aspects of bone remodelling. Patients with vascular 
calcification may also suffer from osteoporosis, which 
requires treatment for prevention of fractures. How- 
ever, other studies have shown that high levels of vi- 
tamin D not only promote vascular calcification, but 
also constitute a risk factor for cardiovascular disease. 
There appears to be only a very narrow range of vi- 
tamin D levels within which vascular function is op- 
timal and the risk of calcification and cardiac disease 
is avoided. Moreover, vitamin D deficiency, as men- 
tioned above, is also a risk factor for cardiovascular 
disease. Patients with chronic renal disease may also 
derive benefit from vitamin D given for concomitant 
cardiac problems. 

Hypercholesterolemia and dyslipidemia are linked 
to arteriosclerotic vascular diseases as well as to os- 
teoporosis. Statins are usually prescribed for the dis- 
turbed lipid metabolism, but it should be noted that 
atorvastatin also increases vitamin D levels, so that 
these should also be checked. The patients are also 
advised to pay attention to diet, with reduction of fat 
intake if this is above recommended levels. Bisphos- 
phonates are the therapy of choice for the osteoporo- 
sis. The type, dose and route of administration are 
decided according to the patient’s requirements and 
preferences. 

Some previous epidemiological studies and com- 
prehensive reviews found that beta-blockers and thia- 
zide diuretics apparently have a beneficial effect on 
fracture risk in older adults, but information on long- 
term effects was limited. Two large recent studies 
from the UK and the Netherlands did not find a causal 
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relationship between therapy with beta-blockers and 
reduction in risk of fractures. 

A population-based case controlled study on the 
relationship between atrial fibrillation and flutter, on 
the one hand, and bisphosphonates prescribed for and 
taken by women as therapy for osteoporosis, on the 
other, found no evidence for an effect of the bisphos- 
phonates on cardiac rhythm. 

28.3 

Dermatology 

Glucocorticoids are frequently required, for short- as 
well as long-term treatment in dermatology. European 
and US guidelines have been published, in particular 
for the prevention of corticosteroid-induced osteo- 
porosis in dermatologic patients. The recommenda- 
tions include calcium and vitamin D supplements and 
bisphosphonates when therapy for >3 months is con- 
templated. Supplements of vitamin A have also been 
recommended. 

As protection against the constant challenges of 
microbial pathogens, the skin has developed antimi- 
crobial peptides (AMPs) such as the cathelicidins, 
which have antimicrobial activity and stimulate host 
responses, i.e. inflammations, angiogenesis and cy- 
tokine release. It has now been demonstrated that 
vitamin D is directly involved in the regulation of 
cathelicidin activities, which could be significant in 
the treatment of various dermatologic conditions. Vi- 
tamin D analogues have been applied as therapy for 
the hyperproliferative skin disease psoriasis, as well 
as other infectious and inflammatory skin disorders. 
However, it should be borne in mind that the skin itself 
is an organ for vitamin D synthesis, as well as being 
a target for its application in autoimmune, infectious 
and inflammatory diseases of the skin, and to counter- 
act the effects of glucocorticoids as mentioned above. 
Some investigators have regarded the human skin as 
“the largest peripheral endocrine organ”. 

28.4 

Endocrinology 

It should be clearly stated at the outset that numerous 
endocrine disorders are inexorably associated with the 
metabolism of the musculoskeletal system, and only a 


few can be mentioned here. Moreover, many of these 

disorders are also closely connected to other systems, 

which in turn are also correlated with the function of 

the bone cells. 

• Growth hormone deficiency : Many studies have 
shown that there is considerable variability in indi- 
vidual patients’ responses to therapy with growth 
hormones. Nevertheless, the long-term studies have 
demonstrated improvements in body composition, 
bone mass and density, as well as increases in 
muscle strength. However, women may also require 
some degree of oestrogen therapy to maintain BMD. 
Therapy with growth hormone is also effective in 
congenital disorders such as Turner and Prader- 
Willi syndromes. In addition, therapy with growth 
hormone has beneficial effects on the cardiovascular 
and other systems which themselves are risk fac- 
tors for the bones. An interesting hypothesis has 
been suggested in connection with the GH-IGF-1 
axis and longevity. Studies have shown that some 
patients with hormone deficiency survive to 75-78 
years of age or even longer, in spite of dwarfism and 
marked obesity. The hypothesis is that the growth 
hormone deficiency is a major contributing factor in 
protection from cancer, a significant cause of death 
in older populations. 

• Hyperthyroidism : Patients with thyrotoxicosis may 
have generalized osteoporosis because bone forma- 
tion cannot keep up with resorption, in spite of the 
fact that both are increased in hyperthyroidism: a 
classic example of high turnover osteoporosis. The 
hypothesis had been put forward that in hypothy- 
roidism the thyroid stimulating hormone (TSH) 
caused the effects in the skeleton, but recent animal 
studies have shown that they are due to lack of the 
thyroid hormone, T 3. 

• Primary hyperparathyroidism (pHPT): Increased 
secretion of parathyroid hormone (PTH) due to 
adenomas, carcinoma, and congenital disorders 
such as Turner syndrome or parathyroid hyperpla- 
sia produces disturbances in calcium homeostasis 
with release of calcium from the bones. However, 
although there may be no or few clinical symp- 
toms, the increase in bone turnover leads to a loss 
of both cortical and trabecular bone. Many studies 
have reported a decrease in BMD. The changes in 
vitamin D metabolism as well as increases in fibro- 
blast growth factor (FGF)-23 also contribute to the 
decline in BMD, which increases the fracture risk. 
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The increase in bone turnover and bone resorption 
in particular is manifest in complex bone changes, 
affecting both cortical and trabecular bone through- 
out the skeleton, and may also affect the joints and 
even the vessels. But it must be pointed out that 
the skeletal changes in pHPT are very variable as 
documented in different studies. Primary HPT is 
another example of hormonally- determined gen- 
eralized osteopenia/osteoporosis. However, in one 
study, measurements of total body calcium failed to 
demonstrate large overall deficits of bone mineral 
in pHPT. Indeed, there is a broad spectrum of his- 
tologic changes in pHPT. Experimental and in vitro 
studies have shown that intermittent PTH inhibits 
adipocytes and induces osteoblast differentiation of 
mesenchymal cells. In our biopsy study, 20% of 
patients, particularly those with kidney stones, had 
no morphologic abnormalities in the bone biopsy. In 
intermediate bone disease, usually characterized by 
vitamin D deficiency, histologic parameters such as 
bone resorption, osteoclasts and endosteal fibrosis 
were predominant (“dissecting fibro-osteoclasia”). 
While it has been suggested that the primary osteo- 
clastic effect in parathyroid bone disease might re- 
sult in widespread osteopenia, in our study the cor- 
tical and trabecular bone volume was maintained. 
Only in severe cases (10%) are the classical skeletal 
manifestations of pHPT seen: osteitis fibrosa cystica 
with marked bone loss, osteolytic destruction of the 
trabecular network (“brown tumours”) and presence 
of multiple fractures. Studies on BMD and levels 
of vitamin D metabolites in 246 patients, age range 
19-91 years, with pHPT showed that low vitamin 
D status together with high plasma l,25(OH)(2)D 
were associated with increased bone turnover and 
decreased BMD in patients. The long-term benefi- 
cial results of parathyroidectomy, also in elderly pa- 
tients, have been documented, including an increase 
in BMD and reduction in fracture risk. A combi- 
nation of a calcimimetic and a bisphosphonate has 
been suggested for patients when curative surgery 
is contraindicated. Secondary hyperparathyroidism 
(sHPT) has been described in patients with renal 
disease on dialysis. A multicentre observational 
study (COSMOS) was recently initiated in Europe 
for the diagnosis, prevention and treatment of sHPT 
in patients on dialysis. The study will include inves- 
tigation of numerous relevant parameters, includ- 
ing changes in bone mineral markers. The study is 


planned to run for 3 years, at the end of which results 
will be evaluated. sHPT has also been observed in 
congenital disorders, such as Turner syndrome. 

• Cushings disease : This endogenous form of hyper- 
corticolism is rare, in contrast to glucocorticoste- 
roid-induced osteoporosis, which is common, severe 
and progressive if not treated. 

• Diabetes mellitus : “Diabetic osteopathy” occurs 
more frequently than is generally realized and is 
mainly due to inhibition of collagen production by 
osteoblasts occurring as a direct effect of insufficient 
insulin secretion and which impedes osteoblastic 
bone formation and leads to deterioration of bone 
quality. To address the question of the occurrence 
of diabetic osteomyelopathy as a distinct entity, we 
investigated iliac crest biopsies of 120 patients with 
manifest diabetes mellitus. Histomorphometry of 
the vascular system, bone and bone marrow was 
performed. In our study, diabetic microangiopathy 
was found in 82% of the biopsies. The marked in- 
flammatory reaction of the bone marrow stroma cor- 
related with serologic parameters of inflammation 
in these patients. This may significantly contribute 
to the bone marrow atrophy and the “anaemia of 
chronic disorders” in diabetes mellitus. Atrophic 
reduction of the trabecular bone was also signifi- 
cantly higher in the patients with diabetes mellitus, 
but bone remodelling was normal or only slightly 
decreased. Insulin- dependent patients had a lower 
bone loss than orally adjusted diabetics. These re- 
sults demonstrate the occurrence of a more or less 
specific “diabetic osteomyelopathy” comprising de- 
generative changes of the bone marrow vasculature, 
degenerative reactions of the marrow stroma, mar- 
row atrophy and osteopenia with slightly decreased 
bone remodelling and with changes in parameters of 
bone quality. An interesting observation has previ- 
ously been associated with bisphosphonate therapy 
in type 2 diabetes (DM 2): significant reduction in 
intimal thickness, suggesting an anti- atherogenic 
effect of etidronate, the bisphosphonate used in 
this study. However, today only the modern ami- 
nobisphosphonates are given to these patients, and 
this effect has so far not been reported. Many studies 
have demonstrated an increased risk of fractures in 
patients with DM 2, but these patients did not have 
a decrease in BMD. The main causes were listed as 
other consequences of the diabetes such as visual 
impairment and imbalance, peripheral neuropathy, 
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orthostatic hypotonia, ischemic states of various 
organs including the legs and other conditions that 
predispose to falls, which were the immediate cause 
of the fractures. DM 2 has been associated with 
structural brain changes and accelerated cognitive 
decline. In patients with symptomatic arterial dis- 
ease and DM 2, hyperglycaemia and duration of the 
DM 2 contribute to brain atrophy and deterioration 
of the patients’ condition, including the state of the 
bones. DM 2 is frequently treated by rosiglitazone 
or by pioglitazone, which belong to the thiazolidin- 
ediones (TZDs). Studies have now demonstrated 
that these drugs increase bone loss and decrease 
bone formation, thereby increasing risk of fractures, 
so preventive measures must be taken or the patient 
advised to take other drugs. 


28.5 

Gastroenterology 

Chronic disorders of the liver or the gastrointestinal 
tract (GI) (e.g. malabsorption syndromes, lactose in- 
tolerance, Crohn’s disease, colitis ulcerosa, pancreatic 
insufficiency and primary biliary cirrhosis) frequently 
cause a combination of osteoporosis and osteomalacia 
(“osteoporomalacia”) due to deficiencies of vitamins 
D, K and C. It should be mentioned that patients with 
Crohn’s disease, even young adults, are subject to sar- 
copenia frequently related to osteopenia/osteoporosis. 
The changes which occur in patients with chronic dis- 
orders of the GI tract, as listed above, tend to worsen 
as the patients get older, so that regular screening for 
osteopenia/osteoporosis is recommended. It is note- 
worthy that sarcopenia is high even in young patients 
with Crohn’s disease, and this increases the risk of 
bone loss. Gastric and intestinal surgery (e.g. Billroth 
I and II and small bowel resections) interfere with ab- 
sorption and utilization of calcium and vitamin D and 
eventually may lead to osteopathy, in particular verte- 
bral osteoporosis. Variations in intestinal absorption 
(with no obvious cause) may lead to hypercalciuria, 
and this has been linked with calcium nephrolithiasis, 
bone loss and idiopathic osteoporosis in some patients, 
including postmenopausal women. These cases are 
examples of the interwoven connections between gas- 
trointestinal absorption, renal function and skeletal 
metabolism. 


In all patients regardless of cause, administration 
of glucocorticoids and alcohol abuse increase the loss 
of bone. Large-bowel disorders are rarely associated 
with bone loss, since the process of absorption is gen- 
erally completed in the small intestine. Celiac dis- 
ease, in particular, has been associated with numerous 
disorders, which in turn affect the bones. Examples 
include: auto-immune inflammatory conditions and, 
in particular, some of the associated cytokines such 
as TNF-alpha and 11-1, diabetes, thyroid disease, sec- 
ondary HPT, hypopituitarism and others. Each patient 
must be carefully assessed before appropriate therapy 
is given. However, the emphasis today is on early 
diagnosis and treatment, and appropriate nutritional 
and lifestyle interventions to prevent the development 
of the disorders listed above, all of which present a 
danger to the bones. It should be taken into consider- 
ation that bone loss in celiac disease already begins 
in childhood, if preventive measures are not taken 
early enough. The only effective measure able to keep 
celiac disease under control is lifelong adherence to a 
gluten-free diet. 

A 2008 panorama on osteoporosis and inflammato- 
ry bowel disease lists the main pathogenic factors for 
osteoporosis as malabsorption and its consequent de- 
ficiencies, inflammation with increased cytokine pro- 
duction, hypogonadism and glucocorticoid therapy. 
However, bisphosphonates have proved to be highly 
effective in inflammatory bowel disease, as well as for 
the therapy of its complications such as the hypogo- 
nadal- and the glucocorticoid-induced bone loss. Re- 
search has shown that about 10% of all cases of gastric 
carcinoma are associated with Epstein-Barr (EBV) 
infection and it has been suggested that potentially 
useful therapeutic approaches could utilize viral-host 
interactions, including targeted radiotherapy. 

28.6 

Genetics 

Studies of twins have shown that osteoporosis may be 
genetically determined - up to 50% - and many genes 
are involved. Peak bone mass is therefore to some 
extent genetically programmed and the subsequent 
degree of loss of bone density applies especially to 
trabecular (cancellous) bone. It has also been dem- 
onstrated that genes may have different effects on 
bones at different skeletal sites, and play a part in 
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overall bone development as well as in the degree of 
osteoporosis at these sites. Recently the connection 
between the genes for vitamin D receptors and bone 
density has been of particular interest and the subject 
of research, although the results of such studies have 
been somewhat contradictory. Clinically, osteogenesis 
imperfecta is the most important of the hereditary 
osteoporoses. Other congenital syndromes with an os- 
teoporotic component are: Turner, Klinefelter, Ehlers- 
Danlos, Marfan and Werner. 

Studies of the congenital premature ageing syn- 
drome dyskeratosis congenita have identified muta- 
tions in the genes that encode the telomerase complex. 
Cells of these patients have very short telomeres and 
they age prematurely. The patients suffer from early 
greying of the hair, dental loss, osteoporosis and ma- 
lignancies. 

Recently it has been shown that bone may be in- 
fluenced by the GH-IGF-I axis in intrauterine (ge- 
netically determined) and in postnatal life. This ef- 
fect may continue into adulthood, suggesting a role 
for the GH-IGF-I axis in the programming of bone 
mass in women. Results for men are awaiting publi- 
cation. With successful enzyme replacement therapy 
in Gaucher’s disease, the infiltration decreases but 
the osteoporosis increases and should be treated pro- 
phylactically after measurement of BMD. Congenital 
syndromes with involvement of the muscles are also 
prone to lead to disturbances of bone remodelling and 
osteoporosis. It is also of interest that a polymorphism 
of the growth hormone receptor gene (exon-3 deletion, 
d3GHR) increases the response to recombinant human 
growth hormone (rhGH) in children, while in adults 
with growth hormone deficiency it contributes to the 
differences in efficacy of short-term rhGH therapy 
only. Patients with other rare congenital syndromes 
with partial growth hormone deficiency, such as type 
1 trichorhinophalangeal syndrome, may not respond 
at all to growth hormone treatment. 

Numerous studies have now accumulated on: ge- 
netics and disorders of bones and joints; congenital 
syndromes; genes involved in pathways of develop- 
ment and differentiation; osseous phenotypes; genes 
associated with onset of osteoporosis and various types 
of fractures; genes associated with skeletal metabo- 
lism and race, ethnicity and age in population studies; 
investigations into which single nucleotide polymor- 
phisms may be involved in differences of response 
to treatment as well as their association with bones 


and muscles in the metabolic syndrome. All these and 
more have made it clear that osteoporosis is related to 
multiple genes and many environmental factors. Some 
relevant studies are listed in the references. 

28.7 

Haematology and Storage Disorders 

Diseases of the bone marrow have a direct influence 
on osseous remodelling and can cause severe osteo- 
porosis. Multiple myeloma , by way of the osteoclast 
activating factors produced by the pathologic plasma 
cells, regularly causes osteoporosis or, more frequent- 
ly, osteolytic skeletal lesions (skeletal related events, 
SRE). Polycythaemia vera (PV) and chronic myeloid 
leukaemia (CME) induce widespread osteoporosis 
by their expansive growth, but different histologic 
manifestations (Fig. 28.1). Changes in the bones also 
occur in myelofibrosis and during leukaemic trans- 
formation when increased levels of TNF-alpha and 
lactate dehydrogenase (FDH) are found. Not only the 
degree of cellularity, but also the different proliferat- 
ing haematopoietic cell lines influence osseous re- 
modelling. While in PV the trabeculae are attenuated 




Normal compacta and trabecular bone 
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Osteoporosis, histologic type B 


Fig. 28.1. Osteoporotic trabecular variants: type A in polycy- 
thaemia vera and type B in chronic myeloid leukaemia (from 
Bartl and Frisch [1993]) 
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but with normal microarchitecture and connections, a 
coarsening of the trabecular network with fewer con- 
nections and correspondingly large marrow spaces is 
characteristic of CML. Similar changes are produced 
by congenital haemolytic conditions which cause ex- 
treme erythroid hyperplasia and osteoporosis. 

Storage diseases such as Gauchers disease 
(Fig. 28.2a,b) or hereditary oxalosis (Fig. 28.3a,b) 
also cause osteoporosis and/or osteolytic lesions by 
comparable mechanisms. On the other hand, malig- 
nant lymphomas and acute leukaemias are rarely ac- 
companied by osteoporosis in the initial stages, but it 
does develop later on. The mode of spread of marrow 
infiltrations is a major parameter determining the pat- 
tern of osseous lesions. Processes with diffuse mar- 
row infiltrations are characterized by systemic osteo- 
penia in bones, while in patients with focal, nodular or 
patchy infiltrations local osteopenia or even circum- 
scribed osteolytic lesions are found. 



Fig. 28.2a, b. (a) Iliac crest biopsy of patients with Gau- 
cher’s disease, with complete replacement of haematopoiesis 
and severe osteoporosis in the DXA measurement (b) Higher 
magnification showing typical Gaucher cells of variable size, 
with characteristic “wrinkled tissue paper” appearance of cy- 
toplasm, all Gomori staining 



Fig. 28.3a, b. (a) Iliac crest biopsy of young patient with 
hereditary oxalosis, complicated by chronic renal failure, alu- 
minium intoxication under haemodialysis, renal osteopathy and 
pancytopenia, (b) Multiple rosettes of calcium oxalate crystals 
in the intertrabecular marrow spaces surrounded by coarse fi- 
brosis and newly formed woven bone {top). There is no residual 
haematopoiesis, Gomori staining, polarisation 

For example, systemic mastocytosis is always 
accompanied by skeletal lesions, partly osteoscle- 
rotic, partly osteolytic, depending on the pattern of 
spread and topography of the mast cell granulomas 
(Fig. 28.4a-d). Moreover, mast cells, because of their 
ability to produce and secrete heparin and histamines, 
probably also play a part in the pathogenesis of pri- 
mary osteoporoses. Systemic mastocytosis, especially 
during the early or indolent stages, usually requires a 
bone biopsy for diagnosis. Biochemical markers have 
now been tested and the following three chosen as 
probable indicators of mastocytosis: serum tryptase, 
urinary NQmethylhistamine and NQmethylimid- 
azole. However, at this stage, a biopsy is still recom- 
mended for confirmation. Vitamin D participates in the 
regulation of development, differentiation, maturation 
and function of mast cells which play a critical part 
in various inflammatory disorders, some neoplasias 
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Fig. 28.4a-d. (a) Iliac crest biopsy of a patient with sys- 
temic mastocytosis, Gomori staining, (b) Higher magnifica- 
tion of round and spindle-shaped mast cells with variable 
granulation in a mast cell granuloma, endosteal orientation 


within a deep resorption bay, Giemsa staining, (c) Larger mast 
cell nodule (granuloma) with lymphoid cells in the centre, 
Giemsa staining, (d) Arteriole with mast cell infiltration, Gi- 
emsa staining 


and which also directly and/or indirectly influence the 
metabolism of bone cells, as evidenced by the skeletal 
manifestations which almost invariably accompany 
mastocytosis. Animal studies have suggested that vi- 
tamin D or the more potent analogues could be effec- 
tive therapeutic agents in disorders of mast cells. 

Patients with red cell anomalies such as sickle cell 
disease commonly also have osteoporosis and osteo- 
malacia, with decreased BMD values. Some patients 
also have vitamin D deficiencies, for which they must 
be appropriately diagnosed and treated, in addition 
to therapy with bisphosphonates, given according to 
markers of bone resorption and BMD values. 

Patients with haemophilia may have low BMD and 
osteopenia/osteoporosis, which may have started in 
childhood and which leads to shorter height and lower 
weight than normal controls. Psychological factors, 
especially in childhood, such as apprehension and fear 
of bleeding may also be involved in restriction of some 
physical activities in individual cases. Other factors 
such as overall reduced physical activity and suscepti- 


bility to infections may also stimulate bone loss during 
adulthood. Clearly, patients with osteopenia/osteopo- 
rosis must be evaluated and treated on an individual 
basis taking into account their medical history results 
of tests and the individual risk factor profile. 


28.8 

Infectious Disorders 

In view of the fact that over 33 (in some estimates 
43) million people worldwide are infected with HIV- 
AIDS, this now constitutes the most important infec- 
tious disease in which osteoporosis can occur. Recent 
reports have shown that HIV infection is an additional 
risk factor for osteoporosis and pathologic fractures. 
Changes in bone mineral metabolism, bone histomor- 
phometry and bone density document the existence of 
a complex “AIDS osteopathy” comprising a mixture of 
osteoporosis, osteomalacia and secondary hyperpara- 


28.9 Nephrology 


211 


thyroidism. Immobilization, gastrointestinal infec- 
tions, lipodystrophy, hepatitis and hormone deficien- 
cies are all further risk factors for bone loss. Highly 
active antiretroviral therapy (HAART) has also been 
shown to accelerate bone loss in HIV-infected patients 
and is therefore a potent inducer of osteoporosis in 
these patients. The hypothesis that the systemic acti- 
vation of T-lymphocytes leads to an osteoprotegerin 
ligand-mediated increase in active osteoclasts and loss 
of bone may in part explain the interaction of HIV 
infection and bone resorption. Risk factors such as 
nutrition, insufficient physical activity and other life- 
style influences also play a part in the skeletal chang- 
es listed above. With the widespread introduction of 
treatment to delay the progression of AIDS, early at- 
tention should be paid to these potential complications 
in order to avoid them as much as possible. 

Other chronic infections may also influence the 
bones, especially when the patient’s physical ability 
is impaired and long-term therapy is required, which 
may be the case in, for example, tuberculosis. The 
situation is worsened if drug resistance develops. It 
has been suggested that adjuvant therapies, such as 
1-arginine and vitamin D could stimulate mycobac- 
tericidal and immunomodulatory actions against the 
infection, and thereby shorten the duration of therapy. 
It is of note that patients with tuberculosis are reported 
to have deficient vitamin D levels. Studies of the ef- 
fects of vitamin D therapy in these patients have not 
yet been reported. 


28.9 

Nephrology 

The kidneys and bones are both involved in calcium 
homeostasis; therefore, impaired renal function leads 
to defective calcium homeostasis and renal osteodys- 
trophy, both in the young and the old. Chronic renal 
insufficiency induces osteoporosis, osteomalacia and 
secondary hyperparathyroidism by means of deficien- 
cies in vitamin D metabolism. Observational studies 
have shown that the survival of patients with hyper- 
parathyroidism may be improved by treatment with 
analogues of vitamin D, given while the patients are 
on dialysis. Chronic kidney disease (CKD) and end- 
stage kidney disease (ESKD), with the increased risk 
of fracture, are both the subjects of growing interna- 


tional concern. The prevalence of both is expected to 
increase over the next decade together with the ageing 
of populations in many parts of the world. Many stud- 
ies of these patients, both completed and ongoing, deal 
with the therapy and prevention of osteoporosis and 
fractures, including treatment with bisphosphonates. 
Another major consideration, also from an epidemio- 
logical point of view, is the close association of CKD 
with the risk of cardiovascular disorders, which of 
course are also increased in the older populations 
and may be associated with osteopenia/osteoporosis. 
The survival of patients with CKD has benefited from 
therapy with calcitriol and, in recent years, the more 
potent analogues have shown additional advantages. 
These beneficial effects are also due to improvements 
in the cardiovascular system. It is now hoped that early 
therapy will benefit the kidney, slow progression of 
disease and postpone the necessity for haemodialysis 
and transplantation. 

During haemodialysis or following kidney trans- 
plantation , , the osteopathy is somewhat improved or 
it may be “set” and remain static. Interesting observa- 
tions had previously been made in the early years of 
this decade, on minimodelling in iliac bone in patients 
on dialysis, especially after parathyroidectomy. Recent 
studies also of bone biopsies of patients on dialysis in- 
cluded young, active, ambulatory patients, as well as 
postmenopausal women. A comprehensive approach 
is required for the management of patients after trans- 
plantation, due to the many possible factors involved: 
steroid usage, hypogonadism, persistent hyperpara- 
thyroidism, poor allograft function, age-related and 
other chronic co-morbidities, and nutritional factors. 
Nevertheless, studies have shown that vitamin D and 
calcium, bisphosphonates and calcitonin may be ef- 
fective. Vitamin D-based therapies have already been 
shown to be effective for the prevention of graft rejec- 
tion after renal transplantation; attention to lifestyle 
factors is also important. Various novel treatments are 
under investigation and results are awaited. Therapy- 
resistant osteoporosis is frequently encountered today 
as a consequence of chronic renal disease and haemo- 
dialysis. Patients with chronic renal insufficiency on 
long-term dialysis develop a complicated bone disor- 
der called “renal osteodystrophy”. The manifestations 
of this disorder are severe and greatly reduce patients’ 
quality of life: severe bone pain, multiple fractures 
and extra-skeletal ossifications. Renal osteopathy is 
described in detail in Chap. 31. 
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28.10 

Neurology and Psychiatry 

Chronic disorders such as Parkinson’s disease, tran- 
sient ischaemic attacks, stroke, Alzheimer’s, epilepsy, 
multiple sclerosis, amyotrophic lateral sclerosis and 
diabetic neuropathy increase the risk of falling and 
correlate with lower bone mass, caused by immobility 
and drugs. The same is true for depressive states in 
which physical activity is reduced and nutrition may 
be inadequate. Depression has also been associated 
with disorders of the cardiovascular and many other 
systems, osteoporosis, and increased serum levels 
of various cytokines, e.g. of the TNF-alpha system, 
which may even contribute to the development of the 
depressive disorder. There also appears to be a link 
between depression and cognitive function, which 
further complicates the condition. And, unfortunately, 
some studies have indicated that anti- depressive drugs 
such as the tricyclic antidepressants have an increased 
risk of falls and fractures. 

Most patients with Parkinsons disease have an 
increased risk of osteoporosis and fractures. This ap- 
plies particularly to elderly females. This risk is large- 
ly due to restrictions in physical mobility as a result of 
the disease itself. BMD should be monitored and ap- 
propriate measures taken, including specially adapted 
exercises for the individual patient. Individuals with 
intellectual and/or developmental disabilities are also 
prone to osteoporosis and fractures in the absence of 
preventive measures. 

Many studies have found an increased risk of frac- 
tures in patients with epilepsy on therapy with anti- 
epileptic drugs (AEDs), for example carbamazepine. 
The increased risk is associated to some extent with 
length of exposure to the drug. Therefore, appropriate 
screening and monitoring of BMD is recommended, 
as is attention to nutrition and supplements of calcium 
and vitamin D as required. 

Immobilization and impaired physical activity : 
simple and easily applicable counter-measures devel- 
oped for astronauts to reduce bone loss before and dur- 
ing spaceflight have also been advocated for patients 
who are paralysed. Changes in BMD in patients with 
psychiatric disorders such as schizophrenia have been 
described, and the causes may be related to effects 
and lifestyle consequences of the condition itself, as 
well as those of the medications administered. Studies 
have shown that glucocorticoids represent a common 


factor in almost all psychiatric and somatic complex 
disorders, as well as in many of their therapies, and are 
involved in the pathophysiology of most of the organs 
and tissues in the body, including the skeleton. Conse- 
quently, they also play a part in the effects of psychiat- 
ric disorders on the bones. Mitochondrial changes and 
dysfunctions with age have been documented in the 
neurodegenerative disorders, including psychiatric 
conditions, which in turn affect the skeleton. 

Adult and elderly patients with multiple sclerosis are 
liable to osteoporosis and injurious falls. Out of a total 
of 354 patients investigated, more than 50% reported 
injurious falls. Management of the accompanying os- 
teoporosis and alleviation of the fear of falling are two 
of the most important components of therapy, alongside 
programs for the prevention of falls in these patients. 

Charcot neuro-osteoarthropathy is considered to 
be of neurogenic origin. However, Charcot arthropa- 
thy occurs most frequently in patients with diabetes, 
and considering the relationship between diabetes and 
osteoporosis, the possibility has been put forward that 
Charcot arthropathy could be a late consequence of 
osteoporosis in diabetic patients - a most cogent rea- 
son for early diagnosis and therapy in these patients. 
Studies have also demonstrated that early diagnosis 
and conservative intervention, therapy and rehabili- 
tation have good results and avoid surgery. In more 
advanced cases, surgery is necessary, for example to 
salvage tibiotalar arthrodesis in patients with very 
unstable ankles due to bimalleolar fractures compli- 
cated by the Charcot neuro-arthropathy. The results 
were better in patients who had received antiresorp- 
tive therapy beforehand in the acute phase. Patients 
with vascular complications, and possibly even osteo- 
necrosis, required more extensive surgery. It has re- 
cently been shown that the level of C-reactive protein 
is a reliable indicator of the presence of infections in 
patients with Charcot’s arthropathy. Increased levels 
were not found in patients with Charcot foot pathol- 
ogy, so that in these patients inflammatory cytokines 
were not involved in the condition. 

28.11 

Oncology 

The diffuse metastatic spread of a solid tumour can 
mimic a primary osteoporosis, particularly in the 
absence of localized osteolytic and/or osteosclerotic 
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lesions. Osteoporosis of uncertain aetiology accom- 
panied by bone pain and pathologic fractures should 
always be thoroughly checked to rule out an under- 
lying malignant condition, especially metastases of 
neoplasias of the breast, prostate and lungs, among 
others. The first induces mainly osteoporotic/osteo- 
lytic metastases, the second mainly osteosclerotic. 
Patients with brain tumours are particularly liable to 
develop osteopenia/osteoporosis due to a multiplic- 
ity of factors. These include: drugs, glucocorticoids, 
anti- epileptics, anti- coagulants, chemotherapy, radio- 
therapy, inadequate nutrition, partial immobilization 
and possible hemiplegia, and these must all be consid- 
ered in the medical management. Localized osseous 
changes, such as vertebral compression fractures, may 
also occur and must be appropriately handled. Other 
malignant tumours, such as bronchial cancers, may 
also cause skeletal lesions, usually paraneoplastic, by 
means of secretion of parathormone-related proteins 
(PTHrP). Various localized changes in bone are also 
caused by bone tumours, such as the osteosarcomas. It 
has recently been demonstrated that metastatic breast 
cancer cells induce an inflammatory stress response in 
osteoblasts, with production of cytokines that attract 
osteoclasts and so establish an environment in which 
resorption is increased and formation is reduced. 

It should be borne in mind that oncologic patients of 
all ages are subject to the development of osteoporosis 
due to the anti-neoplastic therapy, which frequently 
contains glucocorticoids, and the physical restrictions 
imposed by the cancers and their consequences. The 
use of bisphosphonates in early cancer has two main 
objectives: 

• To prevent the adverse effects of the cancer treat- 
ments on the skeleton, and 

• To counteract the effects of the cancer itself on the 
bones, as it has already been established that the 
bisphosphonates reduce the frequency and severity 
of skeletal complications in patients with osteotropic 
cancers. 

It has already been demonstrated that patients with 
bone metastases from solid tumours together with in- 
creased resorption showed normalization of the bone 
resorption markers within 3 months of treatment with 
zoledronic acid. This is a major justification for early 
administration of bisphosphonates in patients with me- 
tastases of breast cancer, prostate cancer, lung cancer 
and other solid tumours. Moreover, postmenopausal 


women with early breast cancer who are on therapy 
with an aromatase inhibitor, such as Arimidex or le- 
trozole, inevitably suffer extra bone loss which can ef- 
fectively be prevented by immediate administration of a 
bisphosphonate such as alendronate or zoledronic acid, 
as shown in the results of the ZO-FAST Study (2008). 

In addition, in patients who already have osseous 
complications, the bisphosphonates relieve bone pain, 
and in some cases they also improve survival of the 
patients. It is also pertinent to emphasize the probable 
part played by vitamin D, its receptors genetic vari- 
ants and analogues in the prevention and the treatment 
of malignancies. This has been indicated by some pro- 
spective trials, for example in patients with renal cell 
carcinoma, and on-going investigations of vitamin D 
analogues for prostate cancer. The extraskeletal ac- 
tions of vitamin D include pro-apoptotic, anti-meta- 
static, anti-angiogenic, anti-inflammatory, pro-differ- 
entiating and immunomodulating activities. Clearly, 
careful attention to vitamin D status is essential in 
both prevention and in treatment of malignancies. 

28.12 

Pulmonology 

Patients with long-standing cortisone-dependent 
asthma bronchiale should be regularly monitored for 
prevention of osteoporosis. Patients with cystic fibro- 
sis may have osteoporosis even before lung trans- 
plantation and this should be treated in advance. One 
of the systemic manifestations of chronic obstructive 
pulmonary disease (COPD) is skeletal muscle dys- 
function, which is one factor in the development of 
osteopenia/osteoporosis in these patients. Moreover, 
the results of a population-based case control study 
(6763 cases) investigating the use of beta-2 agonists in 
patients with COPD, indicated that the severity of the 
underlying disease and not the therapy played a role in 
the increased risk of fractures in these patients. 


28.13 

Rheumatology and Immunology 

Skeletal damage is a hallmark of many chronic rheu- 
matic diseases such as rheumatoid arthritis (RA), 
ankylosing spondylitis (AS) and systemic lupus 
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erythematosus (SLE) and is known as “inflammation- 
induced bone loss in the rheumatic diseases”. Vitamin 
D exercises a regulatory function in the maintenance 
of immune-homeostasis and it has been demonstrated 
that the net effect of vitamin D is an enhancement of 
innate immunity. A role has been ascribed to vitamin 
D in autoimmune disorders such as multiple sclerosis 
and rheumatoid arthritis. 

Additional bone loss in the rheumatic disorders due 
to long-term steroid therapy and immobilization ag- 
gravate the osteoporotic state. Various forms of skel- 
etal destruction are recognized: local bone erosion, 
periarticular bone loss and generalized osteoporosis. 
Local bone erosion is the most typical example of in- 
flammation-induced bone loss. The lesion affects the 
subchondral bone at the margins of the joints and it 
emerges at the interphase between articular cartilage 
and the underlying bone, first described as “caries of 
the joint ends”. Generalized bone loss is another im- 
portant and frequent feature of RA. About one third 
of RA patients are osteoporotic, and 10% suffer from 
vertebral fractures. These patients suffer a decrease 
of 2.5% in vertebral BMD and 5% in the BMD of the 
hip within the first year of disease, and bone loss is 
doubled a year later if the disease is not adequately 
treated. Severity of disease, as indicated by high in- 
flammatory activity, is an independent risk factor for 
accelerated bone loss and increased fracture risk. In 
patients on long-term therapy with corticosteroids, 
this may be the determining factor, with a relatively 
minor effect of the corticosteroids on the BMD. For- 
mation of osteoclasts is facilitated by the inflamma- 
tion-induced expression of cytokines such as TNF, 
IL-6 and RANKL. Furthermore, monocytes and 
macrophages accumulate in the synovial inflamma- 
tory tissues and express receptors such as RANK in 
response to the cytokines, and these in turn stimulate 
the development of active osteoclasts. Studies have 
shown that the replicative capacity of osteoblasts de- 
creases with ageing and contributes to periarticular 


osteopenia in RA - more so than in patients with os- 
teoarthritis. 

To summarise: in the rheumatic disorders, the com- 
bination of joint pain, immobilization and glucocorti- 
coid therapy inevitably leads to a further loss of bone. 
Early correction of vitamin D deficiency and initiation 
of bisphosphonate therapy is strongly advised. In pa- 
tients with chronic polyarthritis, measurement of the 
density of the phalanges by ultrasound has proved a 
useful method to monitor the state of the bones. 

To investigate the possibility that patients with 
scleroderma (systemic sclerosis, SSc) have an in- 
creased risk for developing osteoporosis, a survey was 
carried out with one group of patients suffering from 
non-inflammatory musculoskeletal disease, and an- 
other group with RA as controls. The results showed 
that the patients with SSc and those with RA had the 
same prevalence of osteoporosis, in addition to which 
the patients with SSc had a similar or lower BMD; this 
indicated that patients with SSc should be screened 
for BMD values and treated accordingly. It should be 
mentioned that many of the clinical manifestations of 
SSc often go unrecognized, indicating that greater 
awareness is needed. This is also true for the osse- 
ous complications, so that the possibility of preventive 
therapy may be missed. Moreover, the complications 
themselves, such as hepatic, thyroid and neurological 
disorders may include risk factors for osteoporosis. 

Ankylosing spondylitis (AS) is a chronic rheumat- 
ic disorder primarily affecting the vertebral column 
and the sacroiliac joints. It induces extensive damage 
to the vertebral column conducive to fractures and 
spinal cord injury. Primary preventive measures are 
absolutely essential in order to prevent such injuries. 
Management of these patients once such an injury has 
occurred is complex and involves extensive rehabilita- 
tion. Any patient presenting with non-specific symp- 
tomatology should be carefully investigated for a pos- 
sible specific aetiology before institution of therapy, 
with the possible exception of pain relief. 


Osteoporosis and Drugs 




A detailed drug history is of vital importance, since 
many medicines and substances can adversely affect 
the skeleton. A comprehensive list of drugs associ- 
ated with increased risk for osteoporosis in adults has 
been outlined by the National Osteoporosis Founda- 
tion (Table 29.1). 


29.1 

Corticosteroid-Induced Osteoporosis 

Steroid-induced osteoporosis is nearly always due to 
long-term therapy with one of the steroid hormones, 
only rarely to an endogenous Cushing syndrome. It 
should also be stressed that the underlying disorder 
itself often causes osteoporosis, which is then aggra- 
vated by the steroid therapy; examples include Crohn’s 
disease, rheumatic disorders, collagenoses, organ 
transplants, bronchial asthma, malignant lymphomas, 
multiple myeloma and others. 

The use of corticosteroids over a period of days 
or weeks, even in very high doses, will not result in 
clinically significant bone loss. But bone loss is evi- 
dent within months of the start of steroid therapy. 
When treated over long periods of time - possibly 
years - about 50% of these patients will suffer from 
manifest osteoporosis (Fig. 29.1). Continuing bone 
loss is particularly likely in patients requiring more 
than 10 mg/day of prednisone. Children, young men 
and postmenopausal women are particularly vulner- 
able. A few patients may have an individual sensitivity 
to corticosteroids. Initial bone density measurement is 
recommended in all patients so that a baseline is estab- 
lished for later comparison. 


Corticosteroid-induced osteoporoses have the fol- 
lowing characteristics: 

• They occur in 30-50% of patients on long-term 
steroid therapy. 

• Osteoporosis affects the trabecular bone; therefore, 
fractures occur preferentially in vertebral bodies, 
ribs and femoral neck. 

• The rate of bone loss is rapid - “fast losers”, “very high 
turnover osteoporosis”. A loss of up to 20% of the bone 
mass may occur in the first year of steroid therapy. 

• Dramatic bone loss may result from even low doses 
of prednisone (7.5 mg or its equivalent). 


Table 29.1. Drugs associated with an increased risk of general- 
ized osteoporosis (alphabetical list) 

Aluminium antacids 

Antibiotics 

Anticonvulsants 

Antihypertensives 

Aromatase inhibitors 

Chemotherapeutics 

Diuretics 

Glucocorticosteroids 
GnRH agonists 
Heparin 

Immunosuppressants 

Isoniazid 

Lithium 

Loop diuretics (e.g. Lasix) 

Tamoxifen 
Thyroid hormone 
Warfarin 


R.Bartl, B. Frisch, Osteoporosis, DOI 10.1007/978-3-540-79527-8_29, 
© Springer-Verlag Berlin Heidelberg 2009 
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Glucocorticoids have a multifaceted effect on bone 
(Fig. 29.2): 

• Inhibition of osteoblast proliferation, differentiation 
and function 

• Increased apoptosis of osteoblasts 

• Stimulation of osteoclastic activity 

• Decreased intestinal absorption of calcium 

• Increased renal excretion of calcium 

• Increased parathormone secretion 

• Decreased secretion of calcitonin 

• Decrease in number of bone remodelling units 

• Occurrence of aseptic bone necroses 

• Increased production of collagenases 

• Decreased production of corticotropin and gonado- 
tropin. 

In addition, interactions of glucocorticosteroids with 
other factors also contribute to the pathogenesis of 
steroid-induced osteoporosis: 

• Increased sensitivity of osteoblasts to parathyroid 
hormone (PTH) and to active vitamine D 

• Decreased production of prostaglandin E 

• Decreased local production of insulin-like growth 
factor (IGF)-l 

• Effect on IGF binding proteins. 

Various guidelines have been recommended for the 
therapy and prevention of corticosteroid-induced os- 
teoporosis. The results of many reviews suggest that the 
risk of fracture appears shortly after the start of therapy 
and at relatively low daily doses above 5 mg/day. It 
is also likely that the bone mineral density (BMD) 
threshold for fractures in corticosteroid-induced osteo- 
porosis differs from that in postmenopausal osteopo- 
rosis. Bone loss may be substantially reversible after 
stopping therapy and it is independent of underlying 
disease, age and sex. Patients with obstructive pulmo- 
nary disease showed increases in fracture risk compa- 
rable to those of the patients with arthropathies. 

Users of inhalation corticosteroid therapy (ICS) 
also had higher risks of fracture, but this may be related 
to the underlying respiratory disease rather than to in- 
haled corticosteroid therapy. However, a quantitative 
systematic review has found deleterious effects of ICS 
on BMD. Budesonide appeared to be the ICS which 
had the least damaging effects on bone, followed by 
beclomethasone, dipropionate and triamcinolone. 

As a general rule, one can assume that with oral 
therapy of more than 6 months duration, and at a dose 
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Fig. 29.1. Loss of spinal bone mineral density from start of 
corticosteroid therapy. Results of ten studies (modified from 
van Staa et al. [2002]) 

of more than the equivalent of 7.5 mg prednisone/day, 
a significant loss of bone will occur so that bisphos- 
phonates are indicated for prevention. At higher doses 
the loss of bone may rise to 15% or more per annum 
so that when prescribing glucocorticoids the following 
recommendations should be followed: 

• Check for the shortest possible duration of treatment 
to avoid adrenal cortical atrophy. 

• Use glucocorticoids with the shortest half-life. 

• Utilize local application whenever possible (creams, 
sprays etc.). 

• Emphasize physical activity and muscle training. 

• Prescribe vitamin D at 1000 IU daily. 

• Make sure the patient ingests 1000-1500 mg cal- 
cium daily with food or supplements. 

Therapy of corticosteroid-induced osteoporosis is the 
same as that of postmenopausal, but early use of pre- 
ventive measures against corticosteroid-induced os- 


29.2 Transplantation Osteoporosis 
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Fig. 29.2. Negative effects 
of glucocorticoids on calcium 
homeostasis, on the activity 
of bone cells and on bone 
mass. PTH, parathyroid 
hormone 
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teoporosis is highly recommended. In a recent trial, 
no difference was found between treatment with vita- 
min D or calcitriol; but alendronate was superior to 
either for treatment of glucocorticoid-induced bone 
loss. Therefore, the following recommendations for 
prevention and treatment are given: 

• Physical activity and muscle training. 

• Calcium and vitamin D supplements. 

• Check and treat steroid-induced diabetes mellitus. 

• Check for hypogonadism and treat as needed. Admin- 
istration of testosterone to men whose testosterone 
levels are decreased by steroid therapy may increase 
BMD in the lumbar spine by 5% in 12 months. 

• Start early with a modern nitrogen- containing bispho- 
sphonate (e.g. alendronate once weekly 70 mg, or 
risedronate once weekly 35 mg). 

Patients with problems of intestinal absorption, e.g. 
Crohn’s disease or after a transplant, are prefer- 
ably treated with infusions of a nitrogen- containing 
bisphosphonate (Zoledronate 5 mg annually). Before 
therapy is started, bone density should be measured 
at the lumbar spine and at the femoral neck. One of 
the following treatment strategies can then be applied 
according to the results: 


• Normal bone density (T-score 2.0 to -1.0) and no 
additional risk factors: Calcium-rich diet, vitamin 
D and muscle training. Dual energy X-ray absorp- 
tiometry (DXA) control measurement at half-yearly 
intervals. 

• Osteopenia and osteoporosis (T-score <-1.0): Strat- 
egy as above plus a modern bisphosphonate orally 
or by infusion. 

29.2 

Transplantation Osteoporosis 

The number of transplants of solid organs such as kid- 
ney, liver, heart, lung and pancreas is rising steadily, 
together with an increase in the length of patients’ 
survival times. For example, 98% of kidney, 87% of 
hepatic and 69% of heart transplant patients live lon- 
ger than 1 year. Half of all transplant patients even- 
tually develop osteoporosis with fractures and this 
substantially reduces their quality of life. Even now, 
as shown by a recent study, the fracture rates remain 
intolerably high at 20-40% of patients. The major 
cause of the fractures is the bone disease which could 
have preceded the transplant, and the subsequent con- 
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ditions which follow it. In the absence of preventive 
measures, increased bone loss begins in the immedi- 
ate postoperative period due to immobilization and 
immunosuppression, and continues thereafter due to 
many additional factors, such as possible neuropathy, 
reduced mobility and lack of exercise, nutritional fac- 
tors and, above all, the immunosuppressive therapy 
which patients have to take. Patients who had diabe- 
tes before the transplant had significantly increased 
post-transplant fractures in the absence of prophylactic 
measures. 

The pathogenesis of transplant osteoporosis is 
complex and only partly understood. General risk fac- 
tors (inactivity, vitamin D deficiency, menopause, an- 
dropause, alcohol and nicotine) and some medications 
(diuretics, anticoagulants, corticosteroids and other 
immunosuppressive agents) are frequently involved. In 
addition, in many cases the diseased organ probably 
damaged the bone for long periods prior to transplan- 
tation. Biochemical markers of bone resorption are al- 
ways elevated in the pre-transplantation phase. But the 
post-transplantation occurrence of fractures is due to 
immunosuppression with glucocorticoids, cyclosporin 
A and tacrolimus (FK506). Azathioprine increases the 
number of osteoclasts but not their resorptive activ- 
ity. Loss of bone is especially prominent during the 
first year post-transplant. Put briefly, these recognized 
pathogenic factors are: 

• Prior osteopenia/osteoporosis 

• Immunosuppressive drugs 

• Calcium and vitamin D deficiency 

• Hypogonadism 

• Poor mobility 

• Poor nutrition. 

During the first month after cardiac transplantation , 
the levels of testosterone decreased, but normalized 
during the second month. The levels of gonadotropins 
also decreased, suggesting an adverse effect of predni- 
sone on the hypo-pituitary-gonadal axis. Subsequently, 
low testosterone levels are common. Therefore, these 
patients must be checked and treated also for BMD 
to avoid effects of hypogonadism and osteoporosis. 
Today, the situation is changing, especially if the pa- 
tients have undergone assessment of bone density prior 
to transplant, and a program for preservation of the 
bones was initiated. This includes proper nutrition, 
calcium and vitamin supplements, early mobilization, 


targeted exercise therapy and antiresorptive treatment 
with one of the aminobisphosphonates. Studies on ana- 
bolic therapy, for example with PTH, have not been 
published to date. 

It should be noted that kidney transplant patients 
require special attention: the presence of renal osteo- 
dystrophy, possibly with low bone turnover or even ady- 
namic bone disease, is a contraindication for bisphos- 
phonates. Vitamin D supplements are particularly 
important in kidney transplant patients as they may 
reduce post-transplant hyperparathyroidism. Results 
of a prospective trial of alfacalcidol alone, alendronate 
alone and the two together in renal transplant recipi- 
ents showed that the combination was more effective 
in the improvement of bone mass than the separate use 
of either one alone. Pre-transplantation administration 
of vitamin D could also have a beneficial effect on the 
immune system and reduce the possibility of rejection. 
In addition, these patients are even at risk for cancer if 
the pre-transplant levels of vitamin D were low. 

The presence of pre -transplant diabetes is also a 
significant risk factor for post-transplant fractures. 
Since the survival time of transplanted patients has 
now increased, it is important to stress that long-term 
preventive therapy must also be given! 

Lifestyle, nutrition and risk factors: Previous experi- 
ence has shown that long before a transplant, bone den- 
sity should be measured and, if required, the appropriate 
therapy should be instituted well before transplantation: 
bisphosphonates, calcium, vitamin D or its active metab- 
olites and muscle training. This should prevent bone loss 
before transplantation. In the post-transplantation pe- 
riod, up to 20% of the bone mass may be lost, particularly 
from the vertebral bodies and the femoral neck. Patients 
with liver, heart and lung transplants have a particularly 
high rate of loss. Aminobisphosphonates and calcitriol 
are the first choice for preventive therapy. Vitamin D- 
induced hypercalciuria must be avoided in patients with 
kidney transplants. In patients with hypogonadism, 
oestrogen or testosterone should be given. A calcium- 
rich diet and special exercises are also recommended for 
healthy bones. Calcitonin and fluoride, tested in clini- 
cal trials, were not found to be effective. Other factors 
such as sex and age may also impact on osteoporosis. 
For example, the early rapid loss of bone in men follow- 
ing renal transplantation can be prevented by bisphos- 
phonates given i.v. at the time of transplantation and 1 
month later. 


29.3 Tumour Therapy-Induced Osteoporosis 
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29.3 

Tumour Therapy-Induced 
Osteoporosis 

Many treatment protocols in oncology lead to manifest 
osteoporosis. Irradiation causes local atrophy of bone 
and bone marrow due to the toxic effects on bone 
and bone marrow cells, while chemo- and hormone 
therapy induce systemic rarefaction of both trabecular 
and cortical bone. Moreover, these iatrogenic effects 
may even be increased by a direct effect on bone of 
the tumour itself, which could well have preceded the 
deleterious effects of the therapy. 

Causes of osteoporosis during treatment of neopla- 
sias include: 

• Therapy-induced hypogonadism 

• Glucocorticoids in chemotherapy protocols 

• Toxic effects of chemotherapy 

• Radiotherapy - also of the CNS in children because 
of brain tumours or acute leukaemias 

• Immobilization 

• Nutritional disturbances. 


29.3.1 

Tumour Therapy with Induction of 
Secondary Hypogonadism 

Any chemotherapy with this effect will eventually also 
cause severe osteoporosis. Two groups of tumours are 
distinguished: 

• Sex hormone-dependent neoplasias such as breast 
or prostatic cancer. Here the hypogonadism is part 
of the treatment strategy and substitution therapy 
cannot be given. 

• Sex hormone independent-tumours such as Hodgkin’s 
disease and other malignant lymphomas. In these 
cases hypogonadism is an unwanted side effect. 


29.3.2 

Hypogonadism with Breast Cancer 

Premenopausal patients with breast cancer develop ir- 
reversible ovarian insufficiency within the first year 
of chemotherapy. BMD of the lumbar spine decreases 


by 8-10% and of the hips by 4-6% within 2 years of 
chemotherapy. However, if bisphosphonates are given 
at the same time as chemotherapy, this bone loss can 
largely be avoided. Moreover, therapy of ovarian in- 
sufficiency is integrated into the treatment schedule, 
especially that of patients with oestrogen receptor- 
positive tumours. This is achieved by means of go- 
nadotropin-releasing hormone (GnRH) analogues, 
inhibitors of aromatase (especially those of the third 
generation) and oestrogen antagonists. Such antihor- 
mone therapy entails a considerable long-term risk of 
osteoporosis. Tamoxifen , a synthetic anti-oestrogen, 
has an antiresorptive effect on the bone but cannot 
make up for the lack of oestrogen stimulation of bone 
formation. In contrast, aromatase inhibitors mark- 
edly suppress plasma oestrogen levels by inhibiting 
aromatase, the enzyme responsible for the synthesis 
of oestrogens from androgenic substrates (Table 29.2; 
Fig. 29.3). Unlike tamoxifen, aromatase inhibitors 
have no stimulatory effect on bone. Consequently, non- 
steroidal aromatase inhibitors of the third generation 
have been shown to increase the risk of osteoporosis 
by a profound lowering of circulating oestrogen levels. 
Short-term use of letrozole (an aromatase inhibitor) 
has been shown to be associated with an increase in 
bone-resorption markers; and adjuvant therapy with 
anastrozole (also an aromatase inhibitor) is associated 
with a higher incidence of fractures than therapy with 
tamoxifen (ATAC Study). The steroidal aromatase 
inhibitor exemestane, however, significantly prevents 
bone loss and enhances bone mechanical strength. The 
steroidal action of exemestane’s principal metabolite, 
17-hydroexemestane, may account for the observed 
bone-preserving effects. 

Development of osteoporosis under non-steroidal 
aromatase inhibitors or chemotherapy can be pre- 


Table 29.2. Classification of aromatase inhibitors 


Generation 

Type 1 (Steroidal) 

Type 2 

(Non-steroidal) 

First 

None 

Arninoglutethimide 

Second 

Formestane 

Fadrozole 

Third 

Exemestane 

(Aromasin®) 

Letrozole 

(Femara®) 

Anastrozole 

(Arimidex®) 

Vorozole 
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Androstenedione Testosterone 



Peripheral tissues 




(subcutaneous fat, liver, muscle, or brain) 



Aromatase Aromatase Aromatase 


inhibitors 
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phonate orally or intravenously. Raloxifene can also 
be given. 


29.3.3 

Hypogonadism and Prostatic Malignancy 


Estrone 


Estradiole 


Tamoxifen 

] o0 


Breast cancer cell 



Fig. 29.3. Mechanism of action of aromatase inhibitors and 
tamoxifen (modified from Smith and Dowsett [2003]) 


Attainment of hypogonadism is one of the aims of 
therapy, particularly in all forms of metastatic cancer 
and a high postoperative PSA level. Possible modes 
of treatment are orchidectomy, GnRH analogues 
and anti- androgens. Patients who have received such 
treatments are at great risk of developing osteoporo- 
sis, and the appropriate diagnostic and therapeutic 
measures are indicated as for patients with mammary 
cancer. 


29.3.4 

Hypogonadism in Hodgkin's Disease and 
Other Malignant Lymphomas 


vented or modified with concurrent use of bisphospho- 
nates. Therefore, all patients with breast cancer should 
have a BMD (DXA of lumbar spine and hips) before 
commencing therapy. If osteopenic, preventive ther- 
apy with bisphosphonates should be instituted: 

• Clodronate 1600 mg daily per os will increase the 
bone mass and most probably also decrease both 
skeletal and visceral metastases. 

• Alendronate (10 mg) or risedronate (5 mg) daily 
orally can also be used as single therapy for pre- 
vention and treatment of osteoporosis. 

• Alendronate (70 mg) or risedronate (35 mg) once 
weekly if authorized instead of the daily dose. 

• Ibandronate (150 mg) once monthly. 

• Alternatively ibandronate 3 mg i.v. at 3 -monthly 
intervals according to the severity and type of os- 
teoporosis. 

• And last, but certainly not least, zoledronate 5 mg 
i.v. annually is recommended and has already been 
tested in clinical studies. 

It is worth emphasizing that patients with osteoporosis 
and a history of breast cancer should not receive hor- 
mone substitution therapy, but only an aminobisphos- 


Hypogonadism resulting from therapy of the malig- 
nant lymphomas is the most frequent in the group of 
the non-hormone-dependent neoplasias. Irreversible 
ovarian insufficiency and early menopause are in- 
duced in 30-60% of women after radio- and intensive 
chemotherapy. Because of the low proliferative index 
of Leydig cells, men are less likely to develop severe 
osteoporosis, though some degree of bone loss will be 
manifest later in life. BMD measurements at diagno- 
sis should also be made in patients with lymphomas 
so that bisphosphonate therapy, if needed, can be 
given to prevent development of osteoporosis. 

29.3.5 

Anti-tumour Therapy with Direct Effect 
on Bone 

Many protocols applied in oncology contain sub- 
stances which, when given systematically, affect bones 
adversely and cause osteoporosis. However, the degree 
of damage and extent of bone loss depend on the fre- 
quency and/or duration of the cycles of chemotherapy. 
Measurement of BMD indicates when osteoporosis 
should be forestalled and/or treated. 
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29.3.6 

Protocols Including Corticosteroids 

Patients with malignant lymphomas and multiple my- 
eloma receive chemotherapy protocols which include 
high doses of corticosteroids, but these are given inter- 
mittently, not continuously. In contrast to women with 
ovarian insufficiency, patients without hypogonadism 
did not suffer bone loss although high cumulative 
doses of prednisone were given. One possible expla- 
nation may be the relatively short exposure time, in 
addition to which the negative impact on bone of the 
bone marrow infiltration is reduced by the therapy, in 
the lymphomas and especially in multiple myeloma. It 
should also be remembered that the modern bisphos- 
phonates have anti-tumour effects, for example on the 
myeloma cells, which contributes to their positive in- 
fluence on remodelling of bone, osteoporosis and other 
osseous lesions. 

29.3.7 

Therapy Protocols Including Methotrexate 
and Doxorubicin 

Many chemotherapeutic agents have not yet been in- 
vestigated for their possibly harmful effects on bone. 
An exception is methotrexate given for rheumatoid 
arthritis: increased resorption of bone together with 
decreased formation have been reported with an ensu- 
ing high renal excretion of calcium, and reduction in 
BMD. One of the direct consequences of methotrexate 
appears to be a drop in the recruitment of osteoblast 
precursors. Children treated with methotrexate (e.g. in 
acute lymphatic leukaemia) are especially liable to con- 
siderable resorption of bone, although with cessation of 
methotrexate therapy the resultant osteopenia is revers- 
ible. Clinical studies of bone in patients with breast can- 
cer treated with the protocols containing methotrexate 
(CMF protocol) have not yet been reported. 

29.3.8 

Therapy with Ifosfamide 

This alkylating agent combined with cisplatin is used 
mainly for solid tumours. Depending on the amount 
given, it causes reversible or permanent damage of 


the proximal renal tubuli resulting in metabolic aci- 
dosis, loss of phosphate and hypercalciuria, which in 
turn lead to the clinical picture of osteoporomalacia. 
However, there is no information as yet, as to whether 
or not ifosfamide itself has a direct toxic effect on 
bone cells. 

29.3.9 

Treatment Strategy 

The problem of osteoporosis in patients with malig- 
nancies is underestimated. Usually, an osteologist is 
only consulted when the patient has already sustained 
one or more fractures. This unsatisfactory situation 
could be avoided by timely “osteoprotection”, which 
starts with a BMD measurement when the diagnosis 
is established and appropriate steps are taken depend- 
ing on the results. These steps include the basic and 
specific measures outlined above. 

The choice, dose, duration and intervals of bisphos- 
phonate therapy are determined by the severity of bone 
loss and the patients" risk factors. When carefully cho- 
sen and correctly administered, the bone deficit can be 
eradicated and a positive bone balance with increases 
up to 10% in bone density obtained. A broad spectrum 
of bisphosphonates is available: 

Oral administration: 

• Alendronate (Fosamax®) 

10 mg daily 

• Alendronate (Fosamax®) 

70 mg once weekly 

« Risedronate (Actonel®) 

5 mg daily 

« Risedronate (Actonel®) 

35 mg once weekly 

Intravenous administration: 

• Ibandronate (Boniva®) 

3 mg infusion/injection every 3 months 

• Pamidronate (Aredia®) 

30 mg infusion every 3 months 

© Zoledronate (Aclasta®) 

5 mg infusion annually 

• Clodronate (Ostac®) 

600 mg infusion every 3 months 
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In summary, intravenous administration has some 
important advantages: 

• Supportive treatment when i.v. chemotherapy is 
given at 4- to 6 -week intervals 

• Avoids gastrointestinal side effects 

• Avoids problems of gastrointestinal absorption 

• Avoids problems of compliance. 

29.4 

Drug-Induced Osteoporomalacia 

Bone formation and mineralization require calcium 
and phosphate together with active metabolites of vi- 
tamin D. Drugs affecting the vitamin D system may 
cause both osteoporosis and osteomalacia by several 
mechanisms: 

• Blockers of vitamin D production : Elderly and in- 
stitutionalized individuals with limited nutrition and 
sunlight exposure are at particular risk. 

• Inhibitors of vitamin D absorption : Vitamin D, a 
fat-soluble vitamin, is absorbed in the jejunum and 
ileum, in combination with bile acids. Therefore, 
bile acid binding resins such as cholestyramine and 
colestipol interfere with this process and inhibit vi- 
tamin D absorption. 

• Interference with vitamin D metabolism : To be ac- 
tive, vitamin D must first be metabolized in the 
liver and then in the kidney. Drugs such as anti- 
convulsants or rifampicin induce drug-metaboliz- 
ing enzymes in the liver which then accelerate the 
catabolism of vitamin D and its metabolites. Some 
reports have shown that 20-65% of patients with ep- 
ilepsy receiving anticonvulsants such as phenytoin 
or phenobarbital developed osteoporosis and/or os- 
teomalacia, especially if they were institutionalized. 
These patients were at an increased risk of fractures 
during their epileptic seizures. Patients taking these 
anticonvulsants require higher doses of vitamin D 
to achieve a positive calcium balance, with doses 
of up to 4000 IU per day. Anticonvulsants such as 
sodium valproate do not induce the hepatic drug- 
metabolizing enzymes and therefore have no impact 
on vitamin D metabolism. 

• Antagonists of vitamin D action : Glucocorticoids 
interfere with intestinal calcium absorption, but they 
are not direct antagonists of vitamin D at the recep- 
tor level. There are no known drugs that directly 


interfere with the actions of active vitamin D at the 
target-tissue level. 

• Inhibitors of phosphate absorption : Hypophospha- 
temia is a major cause of osteomalacia and the most 
important drug-induced form is caused by excessive 
ingestion of aluminium- containing antacids, which 
inhibit intestinal phosphate absorption. 

• Inhibitors of bone mineralization : Aluminium- 
induced osteomalacia is mainly found in patients 
on haemodialysis and on total parenteral nutrition. 
Etidronate, the first bisphosphonate, also induced 
disturbances in mineralization when given in high 
doses. However, no reports have been published 
of osteomalacia caused by nitrogen-containing 
bisphosphonates. Bone biopsies of patients treated 
with alendronate for more than 7 years have shown 
no evidence of demineralization. Fluoride in high 
doses often showed evidence of abnormal mineral- 
ization, and this defect is aggravated by concomitant 
low calcium and vitamin D intake. 


29.5 

Antiepileptic Drug-Related 
Osteopathy, a Pressing Need for 
Better Understanding 

It is well known (as described above) that anti-epilep- 
tic drugs (AEDs) have long-term effects on the state 
(health) of the bones, specifically with respect to bone 
density, vitamin D metabolism, as well as other risk 
factors for fractures. However, these aspects of AED 
therapy have not been adequately investigated in the 
studies published to date. It is therefore important to 
stress that patients with epilepsy on AEDs have an 
increased risk for bone loss, defects in mineralization 
and fractures. A patient on long-term therapy with an 
AED has a 2-3 times greater risk of fracture than the 
controls and, as demonstrated in the studies, 4-70% 
of patients, i.e. 50% on average, have demonstrable 
osteopathies. The type, dosage and duration of the 
anti-epileptic therapy determine the type of osteopathy 
and this is valid for enzyme-inducing as well as for 
non-enzyme-inducing medications. 

The pathogenesis of AED-related bone disease re- 
mains controversial and multifactorial: 
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• Accelerated hepatic vitamin D metabolism by en- 
zyme-inducing AEDs 

• Altered vitamin K metabolism 

• Lowered calcitonin levels in AED users 

• Reduction of IGF-I and IGF-binding protein 3 
(IGFBP-3) 

• Direct inhibition of intestinal calcium absorption 

• Reduced exercise levels, poor dietary calcium intake 
and reduced sunlight exposure 

• Increased falls during seizure and at other times 

• Lower levels of endogenous oestrogens 

• Increased levels of sex hormone-binding globulin 

• Inhibition of osteoblast-like cells. 

The enzyme inducers such as phenytoin, primidone, 
phenobarbital and carbamazine have been particularly 
well investigated with regard to their effects on me- 
tabolism of vitamin D. However, loss of bone may oc- 
cur in the absence of vitamin D deficiency. Moreover, 
combinations of osteoporosis and osteomalacia are 
frequently seen and must be taken into consideration 
when specific therapy is recommended. The question 
of what, if any, effect on bone is exerted by the modern 
AEDs such as lamotrigine, gabapentin and levetirace- 
tam, is still under consideration. 

Before administration of therapy, every patient 
should be thoroughly investigated, including bone 
density by DXA and lever of 25 (OH) D in the serum 
to establish baseline values - similar to the approach 
to patients when long-term therapy with systemic cor- 
ticosteroids is contemplated. Moreover, in addition to 
the clearly defined treatment of any osteopathy already 


present, patients with epilepsy should be advised on 

how to minimize epileptic attacks and falls. 

In the light of all the above, the following therapeu- 
tic measures are recommended: 

• Careful choice and dosage of the AED to reduce the 
frequency of epileptic attacks. 

• Physical activity in particular for muscular develop- 
ment and maintenance and to improve co-ordination. 

• Appropriate lifestyle to benefit the bones - no 
smoking! 

• Nutrition - including a minimum of 1000 mg cal- 
cium daily. 

• Vitamin D3 2000 IU daily, but more than 4000- 
5000 or even up to 15,000 IU daily if osteomalacia 
is already present at diagnosis. The patient’s serum 
should be monitored. Patients on Phenytoin need 
higher doses of vitamin D. Alternatively, vitamin D 
may also be taken as weekly or monthly capsules 
of 20,000 IU, or given as intramuscular injections 
of 100,000 IU every 3 months. 

• Active vitamin D metabolites e.g. Alphacalcidol or 
Calcitrol, should only be given in cases of marked 
osteomalacia, or if patients cannot accept the high 
doses of vitamin D3. 

• Nutrition rich in vitamin K (such as dark green veg- 
etables) or vitamin K supplements are given in rare 
cases for prevention of phenytoin-induced bone loss. 

• When impending or manifest osteoporosis is diag- 
nosed initially, nitrogen containing bisphosphonates 
or other medications can be given, as recommended 
by the FDA or other responsible authorities in indi- 
vidual countries. 


AIDS Osteopathy 



It is important to emphasize that today in 2008 there 
are well over 33 million people worldwide who are 
infected with the AIDS virus (acquired immune de- 
ficiency syndrome), and according to information 
given recently at an international televised meeting 
(Clinton Foundation), over 5 million more people are 
still infected annually. A high proportion of these 
are women and children. Many AIDS patients live in 
circumstances which do not enable them to receive the 
care and treatment outlined below, although greater 
international efforts in this direction are now being 
made. It has been estimated that currently there are 
about 1 million HIV-infected people in the US. 

Put very briefly, the progression of HIV infection to 
the full-blown picture of AIDS is associated with loss 
of immunocompetence and its consequences, the oc- 
currence of opportunistic infections and malignancies, 
while the immune dysregulation may lead to autoim- 
mune phenomena such as vasculitis. Poor antibody 
responses have also been associated with premature 
exhaustion of B lymphocytes in HIV-infected patients. 
Fungal infections in particular increase the risk for dis- 
ease progression. Co-infection with hepatitis C virus 
also has a deleterious effect and contributes to hepatic 
fibrosis. DNA microarray analysis has been used to pre- 
dict hepatic fibrosis, thereby sparing the patients a liver 
biopsy. These patients also have reduced bone mineral 
density (BMD) and possibly osteopenia/osteoporosis. 

Much knowledge has accumulated over the years 
from the work that has been done on the pathogen- 
esis of AIDS (Table 30.1) and on the mechanisms of 
disease progression from infection with the virus to 
the full-blown clinical picture of AIDS. These in- 
sights are being used to assist in the development of a 


vaccine against AIDS that has widespread applicabil- 
ity. However, all attempts to accomplish this goal have 
so far not been successful, but concentrated efforts are 
on-going and results expected. 

The introduction of HA ART (highly active antivi- 
ral therapy) in 1995/1996 has changed the future and 
fate of people with AIDS; at least those who are able to 
receive and adhere to therapy with HAART. Since its 
introduction, some modifications and variations have 
been made and are available, and these contribute to 
the differences in both the beneficial effects and the 
adverse reactions reported during the past 10 years or 
so. Racial/ethnic differences, due to a variety of fac- 
tors, have also been shown to play a part, as seen in 
the reactions of patients to therapies given for some of 
the disorders associated with AIDS, such as metabolic 
syndromes and malignancies, which in turn influence 
their consequences, such as osteopenia/ osteoporosis. 
Studies have shown that renal dysfunction, frequent 
in advanced HIV-AIDS, was improved after 2 years 
therapy with HAART. However, neurocognitive dis- 
turbances associated with HIV-AIDS were not af- 
fected by therapy with HAART. In contrast, therapy 
with HAART has resulted in a dramatic reduction in 
morbidity and mortality among HIV-AIDS patients. 

It has been estimated that >40% of HIV-AIDS 
patients develop a malignancy during the course of 
their lives. Since the introduction of HAART and the 
increased survival, it is estimated that malignancies, 
mainly lymphomas and sarcomas, still occur in more 
than 40% of patients at some time in their lives. Pos- 
sibly the incidence is so high due to the increased sur- 
vival. The patients suffer from the so-called AIDS-re- 
lated malignancies, but also from others such as lung 
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Table 30.1. Aetiology of AIDS osteopathy 
Basic disorder 
Haematopoietic cell defect? 

T-cell activation 

Bone marrow inflammation 

Malnutrition 

Gastrointestinal infections 
Immobilization 
Lipodystrophy 
Testosterone deficiency 
Vitamin D deficiency 
Infections 

Hyperparathyroidism 
Glucocorticoids 
Antibiotics 
Protease inhibitors 

cancer. The malignancies, their therapies and the con- 
sequences of both all have deleterious effects on the 
skeleton, which has greatly increased the prevalence 
of osteopenia/osteoporosis among patients with AIDS. 
The manifestations of rheumatic disorders in AIDS pa- 
tients has changed with the introduction of HAART, 
but complications such as metabolic abnormalities, 
cardiovascular disorders and osteoporosis still occur. It 
should be clearly stated that rheumatic disease is also 
still prevalent even after therapy with HAART. Some 
studies have indicated that alendronate is the bisphos- 
phonate of choice for the osteopenia/osteoporosis in pa- 
tients on HAART therapy, although few comparative 
studies have been published. Since over 10 years have 
now passed since the introduction and use of HAART, 
reports of cases of resistance to therapy have increased 
and national authorities, as well as the WHO, have de- 
veloped monitoring, assessment and prevention strat- 
egies to facilitate evidenced-based decision-making, 
concerning the various aspects of AIDS therapy. 


30.1 

Manifestations of AIDS Osteopathy 

Many of the problems experienced by patients with 
AIDS require haematologic, immunologic and osteo- 
logic investigations. These problems include: cytope- 
nias, lymphomas, infections, fever of unknown ori- 
gin (FUO), haemorrhages, bone pain and pathologic 


fractures. It is essential to emphasize that osteopathy 
in AIDS is an important, highly complex complica- 
tion which has so far received too little attention. 
Haematologic disorders and neoplasias have been ex- 
tensively described and are well recognized, but not 
osteological problems. Since the latest treatments for 
AIDS now achieve longer survival times, it is all the 
more important to pay attention to the quality of life 
for which mobility and therefore skeletal integrity 
are crucial, particularly for the millions of children 
involved, because many of the more than 40 million 
people with AIDS are young. 

Drugs used to treat AIDS may also be harmful 
to the bones, as is the decreased physical activity of 
many patients. HIV therapy-induced changes in im- 
mune factors, which also participate in bone remod- 
elling, have been implicated in the increased bone 
resorption in HIV-infected children and adolescents. 
In one study, evaluation of aspirates and bone marrow 
biopsies (>2=120) frequently demonstrated dysplastic/ 
aplastic changes in haematopoiesis, as well as inflam- 
matory reactions in the stroma of the bone marrow. 
The bone itself also regularly exhibited changes desig- 
nated as “AIDS Osteopathy” These changes are sum- 
marized as follows (Fig. 30.1a, b): 

• Reduced bone density (osteopenia, osteoporosis) 

• Increased osteoclastic activity [secondary hyper- 
parathyroidism (HPT)] 

• Disturbances in mineralization (osteomalacia). 

Recent studies on the interaction of the AIDS infec- 
tion and bone have postulated that the constant stimu- 
lation of T-cells leads to activation of osteoclasts and 
thereby increased resorption via osteoprotegerin. In 
adult men, the G-IGF-1 axis in the control mecha- 
nism of bone remodelling is apparently also involved. 
In addition to the direct viral and drug-induced dam- 
age to bone cells, marrow cells and stroma, as well 
as the anomalies of vitamin D metabolism, many 
other secondary risk factors are also involved (Table 
30.1). Recent international studies of bone density 
by dual-energy X-ray absorptiometry (DXA) mea- 
surements in AIDS patients have now confirmed the 
frequent occurrence of osteopenia/osteoporosis and 
pathological fractures, and in some cases even of os- 
teonecrosis, as shown in a large study of patients from 
1999 to 2002. A recent study has demonstrated that 
pre- and postmenopausal women who are HIV+ are at 
increased risk for fragility fractures, compared with 
women in the general public, in many cases with the 
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Fig. 30.1 a, b. (a) Iliac crest 
biopsy of a patients with 
AIDS: note marked marrow 
atrophy and osteoporosis, 
Gomori staining, (b) At 
higher magnification, signs 
of inadequate mineralization 
with increased amount of 
osteoid (red), Lade wig 


same BMD as the controls. Should the patients un- 
dergo additional viral infections such as hepatitis C, 
they will be at risk for additional complications such 
as diabetes, steatohepatitis, subsequent advanced fi- 
brosis and increased body mass index (BMI). The 
causes of the osteopathies in AIDS are very com- 
plex (as noted above) and are also influenced by the 
various therapies patients have received. These in 
turn affect the clinical, biochemical and radiological 
manifestations. Moreover, fractures in AIDS patients 
have a very strong adverse influence on quality of 
life, by the additional suffering and incapacity, the 
added requirements for care and nursing, the effect 
on morbidity and mortality, as well as contributing 
greatly to the cost of treatment, which is still a very 
important factor in many developing countries with 
a high prevalence of AIDS infection in the popula- 
tion. This also accounts for geographic differences 
in availability of HAART. 


There are also differences in population-level 
as well as individual rates of adherence to antiviral 
therapy. Rates may vary according to age, sex, and 
educational levels, as well as social and economic en- 
vironments. However, adherence has increased over 
time since HAART came into widespread use, and the 
greatly increased publicity, the participation of public 
figures and “celebrities” in the propagation of knowl- 
edge of the disease and its therapy have had a strong 
impact on the populations of countries most at risk for 
infection. 

30.2 

Diagnosis 

Consequently, all AIDS patients should undergo an 
osteological evaluation at the time of diagnosis, in- 
cluding the following, if at all possible: 
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• X-ray of the lumbar spine in two planes 

• DXA of lumbar spine and hip (annual monitoring) 

• Examination of peripheral blood for calcium, phos- 
phate, alkaline phosphatase, cross laps, PTH, vita- 
min D, TSH and testosterone/oestrogen 

• Complete blood count (CBC). 

Results of clinical trials published in 2005 have now 
been summarized and suggestions as to screening and 
treatment have been made. When appropriate indica- 
tions are present (cytopenias, atypical cells in blood 
films etc.), and possibly (unclarified) osteopathies, a 
bone biopsy and aspirate should be obtained for clari- 
fication and diagnosis. It should be stressed that in 
AIDS the disorders of the bones of young people and 
adults begin in childhood - even in the neonatal and 
perinatal periods; therefore, appropriate management 
of the paediatric patient is crucial. 

30.3 

Treatment Strategies 

All AIDS patients would benefit from implementa- 
tion of the guidelines given under “Basic Therapy of 
Osteoporosis” which include physical activity (phys- 
iotherapy if possible), bone-preserving lifestyle, and 
adequate nutrition and supplements of calcium and 
vitamin D. However, should osteoporosis already be 
present at diagnosis (T<-2.5 SD), or if the density 
measurements decrease in spite of basic therapy (as 
above), then addition of an oral aminobisphosphonate 
is indicated. If difficulties arise with the oral route, 
then an aminobisphosphonate can be given i.v., which 


also forestalls problems of compliance and uncertain- 
ty as to whether or not the medication has been taken. 
The schedule is the same as previously noted: 

• Alendronate 70 mg orally weekly 

• Risedronate 35 mg orally weekly 

• Ibandronate 3 mg i.v. every 3 months 

• Zoledronate 5 mg i.v. annually 

When osteomalacia and secondary HPT dominate the 
clinical picture, the daily supplement of vitamin D 
can be increased to 3000 IU; alternatively, an active 
metabolite of vitamin D can be substituted. Serum 
calcium must of course be monitored. 

To summarize , every second AIDS patient devel- 
ops some form of osteopathy during the course of the 
disease. This can be a combination of osteoporosis, 
osteomalacia and secondary HPT and frequently en- 
tails difficult clinical situations involving pathologi- 
cal fractures and bone pain. Studies are in progress to 
clarify to what extent the viral infection itself and/or 
the anti-viral therapy are/is responsible for the loss of 
bone mass. Secondary infections and lipodystrophy 
also add to the “osteoporomalacia”. If the diagnostic 
investigations (as described above) are applied and 
the basic therapy implemented, then AIDS osteopa- 
thy can be diagnosed and prevented in its early stages 
and even successfully treated in the later ones. Studies 
have already been published on the efficacy of alen- 
dronate plus calcium and vitamin D on bone mineral 
density; however, most of the patients were male with 
an average length of 8 years HIV infection. Results of 
additional studies are pending. 


Renal Osteopathy 



31.1 

Definition 

Patients with chronic renal insufficiency and patients 
on long-term dialysis develop complicated bone disor- 
ders, also known as renal osteodystrophy or renal bone 
disease. This is often accompanied by severe bone 
pain, multiple fractures and extra- osseous calcifica- 
tions, all of which considerably reduce the patient’s 
quality of life. On a more optimistic note, it has re- 
cently been shown that therapy with statins inhibits 
or prevents decline in creatinine clearance and slows 
impairment of renal function. Moreover, statins also 
participate in the regulation of bone turnover. Renal 
osteodystrophy consists of a mixture of three sub- 
groups - hyperparathyroidism (HPT), osteomalacia 
and osteoporosis - as seen in the three types of renal 
bone disease: 

• High-turnover osteopathy with characteristics of 
primary HPT 

• Osteomalacia with manifestations of severe inhibi- 
tion of mineralization 

• Low-turnover osteopathy with the picture of severe 
osteoporosis (adynamic bone disease). 


31.2 

Pathophysiology 

Many factors influence both the type and extent of 
osteopathy: 

• The renal disorder itself. 


• Presence of associated diseases such as diabetes 
mellitus and amyloidosis. 

• Severity of the renal insufficiency. 

• Patient age - young patients are particularly se- 
verely affected, especially males up to 40 years. 
Subsequently, there are no differences between the 
sexes. 

• Vitamin D deficiency. 

• Dietary restrictions. 

• Level of parathyroid hormones (PTH). 

• Type of dialysis and length of time patient is on 
dialysis. 

• Accumulation of toxic substances (e.g. aluminium, 
fluoride, iron). 

• Glucocorticoid therapy. 

Four of these factors play a decisive part in the patho- 
genesis of renal osteodystrophy: 

• Anomalies of vitamin D metabolism. 

• Extent of secondary HPT. 

• Aluminium deposition on bone prevents minerali- 
zation. 

• Immunosuppressive therapy with a negative bone 
balance. 

The most significant of the above in the mechanism 

of renal bone disease are: 

• Anomalies of vitamin D metabolism 

• Degree of secondary HPT 

• Deposition of aluminium on bone (prevents miner- 
alization, is now infrequent) 

• Immunosuppressive therapy inducing a negative 
bone balance. 
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31.3 

Symptoms 

The most important symptoms are bone pain, skel- 
etal deformities, muscle weakness and anomalies of 
growth in young patients. 


31.4 

Biochemical Investigation 

The following parameters of bone metabolism should 
be measured: calcium and phosphate, alkaline phos- 
phatase and osseous alkaline phosphatase, PTH, me- 
tabolites of vitamin D 25 and 1.25, aluminium and 
the Desferal test. 

Radiologic signs : These may demonstrate charac- 
teristic changes seen in osteomalacia (Looser’s zones) 
or in secondary HPT (e.g. subperiosteal bone resorp- 
tion of the phalanges) such as subcutaneous and arte- 
rial calcifications, subperiosteal erosions and “rugger 
jersey” spinal column. Three components of renal os- 
teodystrophy can be identified and classified in histol- 
ogy of bone: 

• Alterations of remodelling: osteitis fibrosa cystica 
or adynamic bone 

• Disturbance of mineralization: osteomalacia, previ- 
ously associated with aluminium 

• Reduction in bone mass: osteopenia, osteoporosis, 
partly due to glucocorticoids. 


31.5 

Radiological Investigation 

All the characteristic signs of osteomalacia (Looser’s 
zones) (Fig. 31.1) and of secondary HPT may be pres- 
ent (e.g. subcutaneous and arterial calcifications, sub- 
periosteal erosions, osteolytic lesions in the phalan- 
ges) (Fig. 31.2). The “rugger jersey” sign (three layers) 
in the cancellous bone of the vertebral bodies is found 
in 60-80% of patients (Fig. 31.3). However, in daily 
practice, the diagnosis may not be straightforward 
because biochemical and radiological findings do not 
always match or accurately reflect the extent of dam- 
age to the bones. 



Fig. 31.1. Looser zones of the femoral neck 



Fig. 31.2. Hyperparathyroid bone disease with marked sub- 
periosteal bone resorption involving the phalanges 


ft r&r 





Fig. 31.3. The “Rugger jersey” sign (three layers) in the can- 
cellous bone of the vertebral bodies 

A bone biopsy may be essential in situations in 
which definitive identification of the type of renal os- 
teodystrophy is required for therapeutic decisions, as 
when parathyroidectomy is considered. Renal bone 
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disease is classified according to three histological 
features best evaluated in a bone biopsy: 

• Disturbances of mineralization (osteomalacia, pre- 
viously also associated with aluminium) (Fig. 31.4) 

• Anomalies of bone remodelling (osteitis fibrosa cysti- 
ca; or adynamic bone disease) (Figs. 31.5 and 31.6) 

• Reduction in bone mass (osteopenia/osteoporosis, 
possibly partly glucocorticoid-induced) (Fig. 31.5). 

Various histomorphometric parameters of bone re- 
modelling, such as the formation period (FP) and the 
quiescent period (QP), may permit a clearer identifi- 
cation of osteomalacia and low- turnover conditions. 
Moreover, detailed studies of bone biopsies have led to 
the recognition of a variant of adynamic bone disease 
(ABD) with PTH-independent osteoclastic resorption, 
implicating other factors conducive to osteoclast acti- 
vation in these cases. 



Fig. 31 .4. Iliac crest biopsy of a patient with renal osteopathy: 
characteristics of osteomalacia (red, osteoid) and secondary 
hyperparathyroidism (“dissection osteoclasia”), Ladewig 



Fig. 31.5. Small trabeculae showing dissecting bone resorption 



Fig. 31 .6. At higher magnification, increased osteoclastic activ- 
ity (left) and seam of osteoblasts (right) with endosteal fibrosis, 
Gomori staining 

31.6 

Treatment Strategies 

Advances in dialysis techniques and the use of active 
metabolites of vitamin D have radically changed the 
manifestations and therapy of renal osteodystrophy 
over the last 20 years. Previously, osteomalacia and 
secondary and tertiary HPT were major hurdles, but 
today severe and therapy-resistant osteoporosis is a 
major problem. It is characterized by markedly re- 
duced osseous remodelling - ABD - previously due to 
aluminium deposition on bone. With early institution 
of bisphosphonate therapy together with active me- 
tabolites of vitamin D, the emphasis is on prevention, 
since the early management of secondary HPT will 
decrease the number of patients requiring surgery. 
Inhibition of bone resorption in high-turnover renal 
osteodystrophy is especially beneficial. In resistant 
cases with high levels of PTH and enlargement of the 
parathyroid glands, excision is indicated. 

A recent study compared the survival benefit of 
oral vitamin D in 7203 haemodialysis patients with 
the survival of 8801 haemodialysis patients who 
had not received vitamin D, as part of the CORES 
study carried out in six Latin American countries. 
The study was carried out for a period of 16 months. 
The results showed that the haemodialysis patients 
who received the oral active vitamin D daily in low 
doses, i.e. 1 pg, had the highest survival advantage. 
The patients who were on active vitamin D showed 
significant reductions in mortality related to cardio- 
vascular, infectious and neoplastic co-morbidities 
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compared to the controls. The results of this study 
confirmed earlier reports on some of the putative 
actions of vitamin D. However, according to recent 
studies, the question as to whether all patients with 
chronic renal disease should receive calcitriol has not 
yet been definitively answered and randomized trials 
are awaited. 

Today the situation has changed due to the in- 
creasing application of bisphosphonates. The aim of 
therapy is prevention by means of early intervention 
with bisphosphonates and active metabolites of vita- 
min D. Since patients on dialysis require protection of 
the gastrointestinal tract, intravenous bisphosphonate 
therapy is the method of choice. The following proto- 
col is recommended: 


© Ibandronate (Bon(v)iva®) 

3 mg injection every 3 months. 

• Zoledronate (Aclasta®) 

5 mg infusion annually. 

Because of its half-life in the serum of up to 16 h, 
patients should receive the bisphosphonate on com- 
pletion of dialysis. When resistance to bisphospho- 
nates occurs in patients with high PTH levels and 
demonstrable enlargement of the parathyroid glands, 
parathyroidectomy is indicated. Children with renal 
osteodystrophy require special evaluation and indi- 
vidual therapy for which European Guidelines have 
been published (Klaus et al. 2006). 



Localized Osteopathies 



32.1 

Complex Regional Pain Syndrome 
(CRPS) 

32.1.1 
Definition 

Also known as algodystrophy, Sudeck’s disease or 
sympathetic reflex dystrophy , this disorder is a highly 
unpleasant, unpredictable and painful complication of 
injuries and trauma, especially fractures. The cause, 
development and effective treatment of CRPS are 
largely unknown. It has not been observed in children. 
Putative causes range from disorders of vegetative in- 
nervation to endocrine and psychosomatic disorders. 
Triggers of CRPS include fractures, operations, infec- 
tions and nerve injuries. The severity of the underlying 
injury bears no apparent relationship to the severity of 
the symptoms of Sudeck’s disease, which can be trig- 
gered even by trivial trauma. Most frequently affected 
are joints of the hand (90%), followed by the ankle 
and knee joints. Two types are recognized: Type 1 
develops after a trauma, while Type 2 is triggered by 
a peripheral nerve injury. 

32.7.2 

Clinical Findings 

These consist of a triad of sympathetic, motoric and sen- 
sory manifestations with five characteristic symptoms: 


In collaboration with Christoph Bartl MD, Department of 
Orthopaedic and Trauma Surgery, University of Ulm, Germany 


• Disproportionately strong pain (Fig. 32.1) 

• Swelling and unusual warmth of the affected area 

• Skin discoloration of the affected area 

• Increased hair growth on the area involved 

• Stiffness of the joints involved. 


32.1.3 

Diagnosis 

The results of the following investigations contribute 
to the diagnosis'. 

• Thermography (area of overheating) 

• Bone scan (area of increased uptake) 

• X-ray (patchy rarefaction of bone) 

• MRI (oedematous areas around the joints involved) 

• Alleviation of pain by sympathetic blockade - desig- 
nated as “sympathetically maintained pain” (SMP) 
confirms the diagnosis. 


32.7.4 

Course of Disease 

This can be divided into three main stages (though 

questioned by some experts): 

• Inflammation stage (up to 3 months): Typical symp- 
toms include localized pain, blue discoloration and 
overheating of the skin, dough-like oedema and 
functional limitations of the joint. MRI shows pres- 
ence of bone marrow oedema. 

• Dystrophy stage (3-6 months): The dermatologic 
symptoms regress, leaving a trophic disorder of the 


R. Bartl, B. Frisch, Osteoporosis , DOI 10.1007/978-3-540-79527-8_32, 
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Inflammation 



• Glutamate 



Fig. 32.1. Mechanisms of bone pain in inflammatory and on- 
cologic disorders 


skin. There is an increase in restriction of joint 
movement and spotty areas of demineralization are 
seen on X-rays. 

• Atrophy stage (6-12 months): This end stage is 
characterized by generalized atrophy of skin, mus- 
cles and bone (Fig. 32.2). Stiffness of the joint is 
further increased as massive rarefaction of bone 
occurs. 


32.1.5 

Treatment Strategies 

A relationship of confidence and trust must be es- 
tablished between patient and doctor to ease the 
fear, tension and anxiety which always accompany 
this chronic condition. First, it is essential to break 
the vicious circle of pain and dystrophy by rest and 
physiotherapy. Surgery is only indicated for stabi- 
lization of a fracture or later for correction of a 
deformity. However, it should be noted that early 
surgical intervention carries the risk of aggravating 
the condition. 

Immobilization, analgesics, anti-inflammatory 
drugs and cold dressings to counteract overheating are 
useful measures in stage I. Blockade of the sympathetic 
nerve supply (stellate) and calcitonin therapy have also 
been successful at this stage. Physiotherapy and exer- 
cises are strongly recommended in stages II and III. 



Fig. 32.2. Massive spotty decalcification of the hand in com- 
plex regional pain syndrome, Stage III 


32.1.6 

Bisphosphonates 

Since 1988, four international trials performed with 
pamidronate showed alleviation of pain in most cases 
and cure in some. This constitutes genuine progress in 
the treatment of M. Sudeck. Clodronate and alendro- 
nate were equally effective. Similar results were also 
achieved in patients treated with one of the following 
aminobisphosphonates given for 4-6 months: 
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• Ibandronate (Bondronat®) 

Infusion of 6 mg monthly, 4 times, the first 
infusion only 2 mg in 100 ml NaCl solution 
over 15 min 

• Pamidronate (Aredia®) 

Infusion of 60 mg monthly, 4-6 times, the first 
infusion only 30 mg in 500 ml NaCl solution 
over 30-60 min 

• Zoledronate (Aclasta®) 

5 mg infusion over 30 min given once only 

The initial low doses of 3 mg ibandronate or 30 mg 
pamidronate were used to avoid the possible acute-phase 
reactions (previously described), which could be much 
more pronounced in patients with Sudeck’s disease than 
in other patients. Occasionally, acute-phase reactions 
occurred after the second infusion, but were milder. 
Many patients - some already morphine-dependent 
- have been cured by this therapy. In others, the pain 
was alleviated to such a degree that analgesics were no 
longer required. Since the bisphosphonates have not yet 
been authorized for treatment of Sudeck’s disease, the 
patient’s informed consent must be obtained and docu- 
mented. A systemic review, published in April 2008, 
confirmed the potential of bisphosphonates to reduce 
pain, but evidence-based trials are still awaited. 


32.2 

Transient Osteoporosis and the Bone 
Marrow Oedema Syndrome (BMOS) 

This section deals with transient (or transitory) os- 
teoporosis and the bone marrow oedema syndrome 
(BMOS) separately. However, it should be stressed at 
the outset that bone marrow oedema and transitory 
osteoporosis occur sequentially and both are mani- 
festations which may be due to any of a long list of 
possible causative factors. Up-to-date studies found 
that these conditions are more frequent in men than 
in women, and often more than one site is affected, 
either in the same or in another joint. Shifting BMO, 
in all the cases investigated, was transient. Though 
frequently unilateral, bilateral transient osteoporosis 
of the hip in male patients has also been observed. 
Other studies have indicated that progression to ar- 


ticular collapse and fracture may occur. Moreover, 
the conditions are preceded by and associated with 
changes in vascularity (ischaemia) which in turn can 
lead to osteonecrosis. Hence the urgency for early 
diagnosis and therapy to avoid these complications 
and the surgery which may well be required. 

The question as to whether BMOS and transient 
osteoporosis should (or should not) be regarded as 
separate entities has not yet been completely resolved. 
Recent studies have pointed out that BMOS and tran- 
sient osteoporosis should not be regarded as separate 
entities, but rather as signs of an ongoing process in- 
volving the knee, hip joint or femoral head. Moreover, 
as mentioned above, both may occur in many different 
conditions, separately or in combination. Examples of 
such conditions are inflammatory and septic arthritis, 
synovial disorders, stress fractures, neoplasias, reflex 
sympathetic dystrophy, complex regional pain syn- 
drome and others. There is also a link with vitamin 
C deficiency. These correlations are relevant both for 
the determination of the exact diagnosis and for the 
therapy of patients presenting with musculoskeletal 
pain, and they emphasize the need for early recogni- 
tion both for treatment and as a preventive measure. 

32.2.7 

Transient Osteoporosis 

Transient osteoporosis has been defined as a rapidly 
developing painful osteopenia/osteoporosis of benign 
nature and of various possible aetiologies. Neural and 
circulatory mechanisms have been implicated as caus- 
ative factors. This disease is more frequent in men, al- 
though women may also be affected, sometimes even 
bilaterally in the third trimester of pregnancy, or in 
the post-partum period. Spontaneous remissions fre- 
quently occur. Clinically two groups are recognized: 

• Regional transient osteoporosis of the hip 

• Regional migratory osteoporosis with involvement 
of various joints. 

32 . 2 . 1.1 

Diagnosis 

The patients complain of severe pain and limitation 
of movement in the affected joints. In the later stages, 
X-ray films show local bone loss. Initially, MRI is 
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Fig. 32.3. (a, b) Transient osteoporosis with painful bone marrow oedema in the region of the distal femur, (c, d) Transient os- 
teoporosis with painful bone marrow oedema in the femoral head and neck, MRI 


needed to demonstrate bone marrow oedema near 
the affected joints (Fig. 32.3a-d) and this is required 
in order to establish the diagnosis, which should be 
made in the earliest possible stages as occasionally 
bone marrow atrophy and oedema may precede os- 
teonecrosis (Fig. 32.4). This can also be demonstrated 
by MRI, should it develop. In some cases, areas of 
demineralization around the hip joint may be seen 
in X-rays of that region. Occasionally, healing of the 
transitory osteoporosis takes place in 4-6 months, 
even without therapy. In cases with severe pain not 
relieved by medication, surgical intervention may 
be required to lessen the intraosseous pressure. To 
establish the diagnosis, various conditions such as 
localized immobilization osteoporosis, osteonecrosis, 



Fig. 32.4. Widespread osteonecrosis of the femur and tibia 
after chronic and progressive “transient osteoporosis” and 
nicotine abuse 
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osteochondrosis dissecans and Sudeck’s disease must 
be ruled out by MRI. 

32 . 2 . 1.2 

Treatment Strategies 

An important therapeutic measure is to relieve the 
joint of any stress and weight-bearing, which may be 
difficult in cases with bilateral transient osteoporosis, 
especially of the hip. Frequently this is followed by 
spontaneous regression of the symptoms, which ap- 
pears to indicate that overloading of the joint may have 
contributed to the cause. 

Bisphosphonates are recommended for rapid relief 
of pain and reduction of the bone marrow oedema. A 
bisphosphonate is given intravenously monthly for 
4-6 months according to the following schedule: 

• Ibandronate (Bondronat®) 

6 mg infusion monthly, the first infusion only 
2 mg 

• Pamidronate (Aredia®) 

60 mg infusion monthly, the first infusion only 
30 mg 

• Zoledronate (Aclasta®) 

5 mg as a single infusion 

After the final infusion, an MRI should be made to 
monitor the affects of therapy and to check for residual 
oedema or osteonecrosis as mentioned above. 

32.2.2 

Bone Marrow Oedema Syndrome 

BMOS is now recognized as a common cause of 
pain in the musculoskeletal system in general and 
in joints of the extremities in particular: hips, knees, 
feet, shoulders, elbows and hands as well as joints 
of the spinal column. Moreover, some patients may 
present with bilateral involvement, and a migratory 
transient BMOS has already been characterized. In 
addition to the pain felt during movement and exer- 
cise, the patients also experience pain at rest, which is 
caused by the increased intraosseous pressure. BMOS, 
possibly preceding aseptic or avascular osteonecrosis 
(Fig. 32.4), also occurs in paediatric oncology patients, 
sports men and women as well as in highly-trained 


athletes, for example tennis players with an upper 
limb syndrome, or in young soccer players at the 
pubic symphysis. Patients with osteoporosis and in 
particular patients with rheumatic disorders such as 
osteoarthritis of various joints are also prone to de- 
velop BMOS in the affected joints. It stands to reason, 
therefore, that any patient with musculoskeletal pain 
should be carefully checked for BMOS by MRI in 
addition to other clinically indicated investigations. 
Various classifications of BMOS have been proposed; 
the following is practical and widely used: 

• Ischemic BMOS 

- Osteonecrosis 

- Transient osteoporosis 

- Osteochondrosis dissecans 

- Complex regional pain syndrome (CRPS) 

• Mechanical BMOS 

- Bone contusion (“bone bruise”) 

- Stress fractures 

- Microfractures 

• Reactive BMOS 

- Osteoarthritis 

- Rheumatoid arthritis 

- Postoperative BMOS 

- Neoplasias 


32 . 2 . 2.1 

Diagnosis 

MRI, with or without various refinements, is indicated 
for the diagnosis of BMOS. Other clinical and labo- 
ratory examinations including X-rays of the affected 
joints and bones are required to identify the specific 
pathology and this may vary in each patient, consider- 
ing the many possible causes (see above). 

During the past decade, MRI proved to be the im- 
aging method of choice for the evaluation of patients 
with painful bones and/or joints. The most important 
constituents of the joint, in particular the cartilage, the 
subchondral bone, the capsular-ligament system and 
the surrounding soft tissues, can be evaluated with 
MRI. The correct interpretation of the MRI findings 
is of decisive importance for therapeutic decisions. 
Bone marrow oedema, with its typical signal pattern 
in the MRI, is a common but non-specific finding in 
painful local bone and joint lesions (Figs. 32.5a,b and 
32.6a-c). Because only marrow structures are involved 
in the initial stages of BMOS, X-ray, CT or even bone 
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Fig. 32.5. (a) Widespread traumatic bone marrow oedema 
syndrome of the talus, distal tibia and foot following an ankle 
supination trauma. The 19-year-old patient had complex re- 
gional pain syndrome-like symptoms for more than 6 months, 
(b) At 3 months following treatment with an intravenous 
bisphosphonate (3 infusions of 6 mg ibandronate) the patient is 
pain-free with full restoration of his sports activities (MRI) 


scan are not useful for initial diagnosis. BMOS is also 
not visualized on arthroscopy. It is characterized by 
low signal intensity compared with unaffected cellular 
bone marrow on T1 -weighted images. On T2-weighted 
images, especially when fat-suppression techniques 
are used, high signal intensities in the low-signal areas 
of the Tl-weighted images are typical for BMOS. 

A bone marrow biopsy in BMOS shows increased 
extracellular fluid together with inflammatory vascu- 
lar reactions and decreased haematopoiesis. The main 
histologic findings are (Fig. 32.7a-c): 

• Hypocellular marrow with oedema in the marrow 
spaces. 

• Dilatation of sinusoidal lumina and disruption of 
their walls. 

• Spatial disorganization of the haematopoietic cell 
lines. 

• Reactive plasmacytosis and fine fibrosis. 

• Production of woven bone in the subchondral osse- 
ous region in cases of “bone bruise”. 

• Increased osseous reaction with hyperactive osteo- 
clasts, osteoblasts and osteocytes. 

• Increased osteoid volumes and seams (see Bartl & 
Frisch 1993, Biopsy of Bone in Internal Medicine). 

The characteristic symptom of BMOS is pain dur- 
ing mechanical loading, but the severity of pain does 
not always correlate with the intensity and extent of 
BMOS seen on MRI. Nevertheless, a final control by 
MRI is useful to document the efficacy of therapy. 



Fig. 32.6. (a) Traumatic bone marrow oedema syndrome 
(BMOS) (“bone bruise”) of the medial femoral condyle in a 
58 -year-old patient who had no sign of osteonecrosis or osteo- 
arthritis and no abnormalities visible on X-ray. (b) Complete 
regression of the BMOS after one infusion of 5 mg zoledro- 


nate. At 3 months later the patient is completely free of pain 
(MRI). (c) Reactive BMOS of the femoral condyle following 
osteochondral transplantation. Complete restoration of the 
painful BMOS after treatment with zoledronate 5 mg i.v. 
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Fig. 32.7. Histology in the area of a “bone bruise” lesion, 
(a) Low magnification of a section of a “bone bruise” lesion with 
marked oedema {light brown) in the subchondral region, (b) Mi- 


crofracture with production of new woven bone in the subchon- 
dral region (Giemsa staining), (c) Massive bone marrow oedema 
in the surrounding bone marrow area (Gomori staining) 


32.2.2.2 

Treatment Strategies 

Therapy ranges from operative, i.e. core decompres- 
sion to conservative with drugs such as iloprost , a 
prostacyclin analogue and the bisphosphonates , in 
addition to measures such as limited weight-bear- 
ing and activity of the joint(s) involved, and physical 
therapy. Therapeutic management of BMOS also de- 
pends on the basic disease. Pain is mainly caused by 
the increased intraosseous pressure (normal pressure 
20-30 mmHg). Therefore, mechanical unloading by 
partial weight bearing or by drilling the oedematous 
lesion may lead to pain relief. Non-steroidal anti- 
inflammatory drugs (NSAIDs) and medications for 
pain are only of limited value. 


in only 10 patients, but again there was a good re- 
sponse to bisphosphonate therapy. 

In all cases of BMOS and independent of the ba- 
sic disorders, we start with one of the following two 
bisphosphonate protocols: 

• Ibandronate (Bondronat®) 

6 mg infusion (15 -min duration) monthly, MRI 
control after the 3rd or 4th infusion, the num- 
ber of infusions depending on the degree of 
pain relief 

• Zoledronate (Aclasta®) 

A single 5 mg infusion (30 min duration), MRI 
control 3 months later 


32 . 2.3 

Bisphosphonates 

According to our experience, however, bisphospho- 
nate treatment proved to be the first choice for effec- 
tive therapy. With respect to side effects, about 10% 
of the cases experienced an “ acute phase reaction ” 
with fever and flu-like symptoms 1 day after the first 
infusion. Symptomatic therapy can be given for this, 
but is rarely required. An acute phase reaction occurs 
only after the first infusion, rarely after the second and 
then is very mild. In the past 4 years we have treated 
355 patients with BMOS of the talus (see Fig. 32.5a,b), 
knee (see Fig. 32.6a,b) and/or femoral head. 

We used intravenous bisphosphonates of the third 
generation (see Chap. 3), and a complete, rapid regres- 
sion of the bone marrow oedema was found in 78% of 
the cases, documented by MRI and clinical controls 
(Figs. 32.5 and 32.6). Relapse within 2 years occurred 


32.3 

Vanishing Bone Disease 
(Gorham-Stout Syndrome) 

32.3.7 

Definition 

This syndrome is also known as “ massive osteolysis”, 
“disappearing bone disease” and “phantom bone”. 

Gorham’s vanishing bone disease is the ultimate 
osteoporosis showing complete disassociation of the 
normal coupling mechanism. The cause is unknown, 
though over-activity of cytokines, especially 11-6, 
has been implicated. Gorham’s disease is occasion- 
ally fatal. This disorder was first described by Jack- 
son in 1938 as “a boneless arm” (Fig. 32.8). In 1953, 
Gorham and Stout published 24 cases and emphasized 
the angiogenic component of the disease. Subsequent 
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Fig. 32.8. Almost complete disappearance of the left humerus 
in a 14 -year-old patient with Gorham- Stout syndrome 


surveys of the literature revealed nearly 150 docu- 
mented cases (Devlin et al. 1996); more have been 
reported since then, up to 175 cases as of February 
2008. Occasionally, the disease has also been identi- 
fied in children, as in a recent case in the humerus of 
a 14 -year- old boy. 

32.3.2 

Aetiology and Pathophysiology 

The cause has not yet been elucidated. Hemangioma- 
tosis and lymphangiomatosis have been implicated, 
possibly due to an endothelial defect, with produc- 
tion of abnormally high levels of cytokines which 
stimulate osteoclasts. Some studies have reported the 
presence of numerous leaky lymphatic vessels near the 
osteolytic lesions as well as chylous ascites. Investi- 
gations have now revealed several lymphangiogenic 


pathways that could be relevant in Gorham’s disease. 
Many investigators have described prominent osteo- 
clasts, particularly in the lytic front of the lesions. 
However, no reactive osteoblastic activity has ever 
been documented indicating that the physiological 
“coupling” between bone resorption and bone forma- 
tion has been completely abrogated. This clearly dem- 
onstrates a communication defect between osteoclasts 
and osteoblasts resulting in the absence of stimulation 
of osteoblasts, i.e. no reaction to the osteoclastic activ- 
ity. In one patient, initially high levels of interleukin 
(IL)-6 - a cytokine that stimulates osteoclasts and is 
produced by various cell types including endothelial 
cells, either directly or by way of VEGF, was impli- 
cated - dropped after therapy with bisphosphonates 
and radiation. 


32.3.3 

Clinical Findings 

A review of the recent literature based on findings in 

46 patients revealed the following features): 

• It affects young adults without preference for male 
or female. 

• Genetic, endocrinologic and metabolic disturbances 
have not been found. 

• It starts in a single bone and spreads to adjacent 
bones. 

• In 38 of 46 cases the condition was already polyos- 
totic at diagnosis. 

• Pelvis, vertebrae, ribs, proximal bones of the extrem- 
ities and cranial bones are frequently involved. 

• Progression and spread of the disease are unpre- 
dictable. 

• When the ribs are affected, pulmonary insufficiency 
is frequently a lethal consequence. 

• Chylothorax is a common complication. 


32.3.4 

Diagnosis 

The diagnosis of Gorham- Stout syndrome is estab- 
lished by X-rays which demonstrate the absence of 
bone in the affected areas. Occasionally, vertebral 
compression fractures in severe osteoporosis must 
be considered in the differential diagnosis. When 
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localized to the mandible, it must be differentiated 
from osteonecrosis due to other causes (Mignona 
et al. 2005) (see also Chap. 34). In early phases of 
the disorder, osteolytic lesions due to a malignancy 
must be ruled out. Bone biopsies taken from an in- 
volved area show increased osteoclastic resorption 
by morphologically normal osteoclasts. The absence 
of osteoblasts is particularly striking. This indicates 
complete abrogation of the “coupling” mechanism. 
The resorption lacunae are filled with fibroblasts, 
blood vessels and oedematous connective tissue. In- 
filtration of the involved areas by plasma cells, lym- 
phocytes and mast cells suggests an immunologic 
component. 

32.3.5 

Treatment Strategies 

Before the introduction of bisphosphonates, progres- 
sion of Gorham- Stout syndrome was inexorable. All 
previous attempts to treat this condition have failed. 
But, as in all other states of skeletal destruction: im- 
mediate initiation of bisphosphonate therapy proved 
to be highly effective. Case reports have demonstrated 
rapid disappearance of local symptoms and pain af- 
ter i.v. administration of bisphosphonates; moreover, 
follow-up over the subsequent 24 months revealed 
a stable condition with no evidence of progression 
(Hammer et al. 2005). 

32.3.6 

Bisphosphonates 

Focal osteolysis - the unbalanced hyperactive osteo- 
clastic resorption - can be halted immediately by in- 
travenous bisphosphonates, which stop progression of 
the disease. The following are recommended: 

• Ibandronate (Bondronat®) 

6 mg infusion monthly for 4-6 months 

• Zoledronate (Aclasta®) 

5 mg single infusion 

X-rays should be taken every 4-6 months for 
follow-up. Restitution of the vanished bone has not 
been observed, even under therapy with bisphospho- 


nates. Trials with anabolic agents have not yet been 
reported. 

32.4 

Fibrous Dysplasia 

Fibrous dysplasia is a local developmental fibro-os- 
seous aberration of the skeleton. The aetiology is not 
clear, but it does not appear to be hereditary. Increased 
production of 11-6 has been implicated as a causative 
factor. The disease occurs mainly in the first two de- 
cades of life, and both sexes are affected (Fig. 32.9). 
When there are polyostotic fibrous dysplasias of bone 
together with cafe au lait skin pigmentation and endo- 
crine disorders, the condition is known as Albright’s 
syndrome, or McCune Albright syndrome (MAS). 
The underlying pathologic process is substitution of 



Fig. 32.9. Fibrous dysplasia of the right proximal femur 
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fibrous tissue for both bone marrow and bone with 
activation of osteoclasts. The aim of therapy is nor- 
malization of the increased osteoclastic activity by 
administration of bisphosphonates. 

The main clinical symptoms and signs are: 

• Bone pain 

• Osteolysis or local osteopenia 

• Deformity of bone 

• Spontaneous fractures. 

The pelvis, long bones and skull are particularly prone 
to this disorder. Malignant transformation occurs in 
less than 1% of cases. Both mono- and polyostotic 
variants are recognized. 

Surgical correction was the only treatment avail- 
able until recently. Early administration of bisphos- 
phonates can curtail secondary osteoclastic bone 
destruction and thereby prevent deformity of bone. 
Successful treatment with bisphosphonates has al- 
ready been reported, although the patient groups were 
small. The studies underscored the alleviation of pain, 
improvement in function, decrease of fracture risk 
and prevention of deformity. In practice, intravenous 
bisphosphonate therapy is recommended, but should 
be administered at an osteological clinic, after in- 
formed consent has been obtained and documented. 

• Ibandronate (Bondronat®) 

6 mg infusion monthly 

• Pamidronate (Aredia®) 

60 mg infusion monthly 
« Zoledronate (Aclasta®) 

5 mg infusion annually 

X-rays, CT and/or bone scans can be used for moni- 
toring. 

32.5 

Paget's Disease of Bone 

Paget’s disease or Morbus Paget (named after Sir 
James Paget who first accurately described the dis- 
ease in 1877) is also called osteodystrophia defor- 
mans or osteitis deformans. It is a localized non-in- 
flammatory disease of bone caused by uncontrolled, 
increased bone resorption, by pathological large 
multinucleated osteoclasts, which in turn induces 


disorganized bone formation. This disease illustrates 
graphically what happens when there is complete lo- 
cal deregulation of osteoclasts together with partial 
abrogation of “coupling” in the osteological meaning 
of the term. Osteoblasts are stimulated to replace the 
resorbed bone, but the osteoid is randomly produced 
and not laid down as lamellae, so that the resulting 
bone is dense but mechanically inadequate. The fis- 
cally greatly increased bone turnover is accompa- 
nied by hypervascularization and increased blood 
flow. Deformities of the effected bones are the rule. 
Mono- and polyostotic forms of Paget’s disease are 
recognized. 

About 1-3% of people over 40 years of age have 
Paget’s disease of bone (more men than women, 3:2), 
but initially only 5% are symptomatic or require 
therapy. More recent estimates put the number of af- 
fected people (55 years or older) at 2-7% in the US 
and Western Europe. The cause of Paget’s disease is 
presumed to be a viral infection of osteoclasts and/or 
an abnormality on chromosome 18, resulting in mul- 
tinucleated, hyperactive and unregulated giant osteo- 
clasts. Mutations in SQSTMI have been associated 
in up to 40% of familial and sporadic cases. Other 
genetic anomalies have been found, but the aetiol- 
ogy of Paget’s disease has not yet been determined. 
Moreover, why all osteoclasts are not involved is still 
a complete mystery! 

The following symptoms are indicative of Paget’s 
disease: the variability of the symptoms that charac- 
terize Paget’ disease is caused by the variability of the 
locations. 

• Pain and warmth of the affected area (pelvis, spine, 
extremities, skull). 

• Bone pain that is stabbing and deep and often stron- 
ger at night. Pain could also be due to compression 
of nerves or associated arthrosis. 

• Bending and deformities of the effected bones with 
risk of spontaneous fractures (“sabre tibia”, “hat that 
became too small” appearance). 

• When the base of the skull is involved, hearing loss 
and damage to the cranial nerves can occur. 

• Compression fractures may result if the vertebrae 
are involved. 

• Secondary arthrosis can occur due to incorrect 
weight-bearing. 

• When large areas of the skeleton are affected, the 
accompanying hypercirculation may cause cardiac 
insufficiency. 
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Fig. 32.10. Paget’s disease of bone with widespread painful 
involvement of the left pelvis, sclerotic stage 


Fig. 32.11. Paget’s disease of bone in the left femur with de- 
formation and thickening of the shaft and an especially large 
Ward’s triangle 



• Inner ear involvement can cause deafness. It has 
been assumed that Beethoven’s deafness was caused 
by Paget’s disease of bone. 

The course of the disease can be divided into three 
stages which are identified locally: 

• Lytic stage : The osteolytic process spreads at the 
rate of 1 cm annually. 

• Repair stage : also called “mixed stage”: After the 
period of rapid resorption osteoblasts fill the cavities 
with bone, thereby producing cement lines with the 
mosaic patterns characteristic of Paget’s disease. 

• Sclerotic stage : When the disease has progressed for 
several years, relatively large areas consist of dense 
bone, but this is not capable of weight-bearing or 
stress (Fig. 32.10). 

Transition from mono- to polyostotic forms of Paget’s 
disease must be excluded by periodic X-ray examina- 
tions and bone scans. 


32 . 5.1 

Diagnosis 

Imaging techniques highlight a focal increase in bone 
remodelling, and depict the extent of skeletal involve- 
ment (mono- or polyostotic). In addition, characteristic 
X-rays plus increased alkaline phosphatase levels, as 
well as other markers of bone remodelling in the serum 
confirm the diagnosis. Conventional X-ray and/or CT 


demonstrate typical changes and the following points 
are considered: 

• Alterations in contours of the bone 

• Careful evaluation is required when the vertebrae 
are effected 

• Thickening of the cortical bone 

• Coarsened trabecular structure with alternating 
lytic and sclerotic regions (Fig. 32.11) 

• Narrowing of the foramina of the spinal column 
(Fig. 32.12) 



Fig. 32.12. Paget’s disease of bone in the area of the lumbar 
spine (CT). Note the altered structure of the trabecular bone. 
Significant narrowing of the vertebral canal is evident ( bot- 
tom right) 
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32 Localized Osteopathies 


Fig. 32.13a,b. Typical his- 
tology of bone in Paget’s 
disease, (a) Multiple multinu- 
cleated and active osteoclasts 
in deep resorption lacunae. 
Note the marked fibrosis in 
the marrow spaces, Gomori 
staining, (b) Marked remod- 
elling with dissecting osteo- 
clasia and mosaic structures 
in the adjacent bone, Giemsa 
staining 



• Thickening of the skull 

• Fibrosis and hypervascularization of the bone mar- 
row surrounding the foci of involved bone. 

Bone biopsy can be useful in the initial stages of 
Paget’s disease for differential diagnosis and to rule 
out metastasis or arthrosis. The most important fea- 
tures (Fig. 32. 13a, b) are: 

• Cement lines forming mosaic structures, and woven 
bone 


• Multinucleated osteoclasts containing nucleoli 
and showing signs of activity: localization in 
resorption bays, presence of pronounced ruffled 
membranes 

• Striking reactive osteoblastic bone formation 

• Fibrosis and hypervascularization of the surround- 
ing bone marrow 

• Two histologically unmistakable features characterize 
Paget’s disease: the giant, multinucleated osteoclasts 
and the mosaic structure of the newly formed bone. 


32.5 Paget's Disease of Bone 
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Biochemical markers of disease activity are alkaline 
phosphatase in blood and pyridinoline crosslinks in 
urine. The level of osteocalcin in the serum is used for 
monitoring. Osteocalcin production by osteoblasts is 
dependent on vitamin K; the level reflects the degree 
of bone remodelling. 

For differential diagnosis the following must be 
excluded: 

• Skeletal metastasis 

• Primary bone tumour 

• Malignant lymphoma 

• Severe arthrosis 

• Primary hyperparathyroidism and renal osteopathy. 

The danger of later transformation to sarcoma is mini- 
mal (<1%), particularly in the present era of bisphos- 
phonate therapy. Tumour-associated Paget-like lesions 
seen on X-rays, CT or scans must be investigated by 
bone biopsy, but are rare. 


32.5.2 

Treatment Strategies 

Treatment is indicated if there are local changes, 
pain, and risk of complications that may require neu- 
rosurgical or orthopaedic intervention, and if there 
are high alkaline phosphatase levels (more than 5 U 7 
1). Skeletal deformities and fractures require ortho- 
paedic interventions. Two separate indications for 
therapy are derived from the clinical course of the 
disease: 

• Alleviation of symptoms : severe headaches, back- 
aches and radicular nerve pain 

• Prevention of complications : fractures, deafness, 
paralyses, skeletal deformities, sarcomatous trans- 
formation 

Bisphosphonates are the treatment of choice, and 
many have been authorized for use in Paget’s disease 
of bone (see below). The latest is zoledronate, and 
now that this is authorized, therapy of Paget’s disease 
is simplicity itself. For patients with extensive and/or 
active disease (as indicated by high levels of alkaline 
phosphatase in serum), intravenous administration is 
the method of choice. Analgesics or NSAIDs are now 
rarely required. The following protocols for infusion 
can be used: 


• Pamidronate (Aredia®) 

30 mg infusion to begin with, then 60 mg 
in 500 ml NaCl given slowly for 30-60 min 
monthly until the pain has been alleviated and 
the alkaline phosphatase level has returned to 
normal. Thereafter only regular clinical and 
biochemical monitoring is required 

• Ibandronate (Bondronat®) 

Given in 250 ml NaCl infusion for 15 min 
monthly, 2 mg for the first and 6 mg for sub- 
sequent infusions till normalization as above 

• Zoledronate (Aclasta®) 

5 mg infusion for 15 min. Usually one infu- 
sion is enough to normalize the bone markers. 
Thereafter monitoring as above 

Alternatively, oral therapy can be given, preferably 
one of the potent aminobisphosphonates: 

• Tiludronate (Skelid®) 

400 mg daily for 3 months 

• Clodronate (Ostac®) 

800 mg daily for 3 months 

• Alendronate (Fosamax®) 

40 mg daily for 3 months (authorized in the US) 

• Risedronate (Actonel®) 

30 mg daily for 2-3 months 

Bisphosphonates halt progression and may even 
induce regression of Paget’s disease. This is usually 
accomplished within 2-6 months depending on the 
intensity of therapy. Histologically, therapeutic suc- 
cess is indicated by decrease in osteoclast number 
and formation of lamellar bone. The effects of therapy 
can last for several years. Should symptoms such as 
bone pain and/or a rise in markers of bone resorp- 
tion recur, administration of a bisphosphonate should 
be repeated. The following markers are generally 
involved: alkaline phosphatase, osteocalcin and B- 
CrossLaps. Therapy with a different bisphosphonate 
is given if resistance is suspected. Bone scans and 
X-rays are used to check for spread and/or malignant 
transformation and should be carried out annually 
(or semi-annually as required) as part of monitoring 
of the disease and the efficacy of therapy. Current 
reviews of Paget’s disease have confirmed the long- 
term safety and efficacy of zoledronic acid 5 mg for 
attainment of long-lasting remissions. 





Periprosthetic Osteoporosis and Aseptic 
Loosening of Prostheses 


33 


Total joint arthroplasty of the hip and knee has become 
one of the most frequent and rewarding operations in 
orthopaedic surgery. Worldwide more than one mil- 
lion such prostheses are implanted annually. With the 
steady rise in life expectancy, long-term complica- 
tions related to implant loosening and periprosthetic 
fractures are on the rise. Efforts to sustain and im- 
prove the clinical survival of total joint implants have 
thus generated great interest. 

33.1 

Pathogenesis 

Stability of the prosthesis within the surrounding bone 
is the decisive factor for flawless functioning and lon- 
gevity of the implants. Osteolysis is a multifactorial 
process stemming from host, prosthesis and surgical 
factors. Billions of wear particles are generated at 
material interfaces and are dispersed along the ef- 


In collaboration with Christoph Bartl, MD, Department 
of Orthopaedic and Trauma Surgery, University of Ulm, 
Germany 


fective joint space, into bone and the adjacent soft 
tissue, inducing an inflammatory reaction that leads 
to osteoclast activation and finally causing osteolysis. 
Over time, without proper treatment, osteolysis may 
progress to aseptic loosening and failure of the im- 
plant (Fig. 33.1). Initially most patients may have no 
clinical symptoms despite radiographic evidence of 
osteolysis or bone loss. Usually patients only become 
symptomatic when implant loosening, implant failure 
or periprosthetic fractures occur. 

The main factors involved in periprosthetic oste- 
olysis and aseptic loosening following total joint ar- 
throplasty are (Figs. 33.2 and 33.3): 

• Wear debris -induced osteolysis : Integration of the 
implant into the surrounding bone can be hindered 
by an inflammatory reaction (“foreign body reac- 
tion”) induced by macrophages absorbing small 
particles, mainly polyethylene and metallic wear 
debris, leading to activation of RANKF and OPG 
which then trigger osteoclastic activity. Another im- 
portant factor is the inhibition of osteoblast function 
mediated by wear particles. Finally, osteolysis and 
bone loss around the implant occur. 

• Micromovement between surfaces : Implants that do 
not achieve adequate initial fixation will exhibit 
micromotion in response to load. The greater the 
area of friction the more osteoclasts are activated, 
causing osteolysis around the implant which leads 
to fatigue failure at interfaces. When the distance 
between bone and implant exceeds 150 pm, connec- 
tive tissue membranes are formed between implant 
and bone as well as between implant and cement. 
These membranes hinder the osteo-integration of 
the prosthesis. Many biochemical mediators are 
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33 Periprosthetic Osteoporosis and Aseptic Loosening of Prostheses 




Fig. 33.1. Zones of prosthesis loosening according to Gruen 



Fig. 33.2. Peri-implant bone resorption (“linear osteolysis”) at 
the interface of the acetabular component, “radiolucent lines” 


involved: cytokines, prostaglandins, metalloprote- 
ases and collagenases. 

• Inappropriate mechanical load and stress shield- 
ing : Insertion of an implant leads to new biome- 



Fig. 33.3. Peri-implant bone resorption at the interface of the 
femoral (“geographic osteolysis”) and acetabular component 
(“linear osteolysis”) 


chanical relationships between various regions of 
the surrounding bone and implant. Bone regions 
around the implant receiving high loads of stress 
result in bone apposition and higher bone density, 
whereas bone regions receiving lower stress loading 
react with bone loss (“stress shielding ” according 
to Wolffs’ law). Appropriate load transmission is an 
essential factor in maintaining bone volume. Opti- 
mal load transfer is influenced by implant design 
and stiffness of the implant. Bone loss around the 
implant due to stress shielding can account for up 
to 50% of the former bone stock in underloaded 




33.4 Bisphosphonates 
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regions, which has been demonstrated by dual-en- 
ergy X-ray absorptiometry (DXA) measurements. 
Finally periprosthetic fractures can occur. 

• Surgical trauma : Thermic and mechanical necrosis 
caused by the surgical procedure and cementing 
techniques alter bone quality. 

• Postoperative immobilization’. The postoperative 
decrease in weight-bearing results in local immo- 
bilization osteoporosis. Overall, postoperative bone 
loss mainly occurs in the first 6 months and can 
reach up to 50% of the former bone stock. 


33.2 

Diagnosis 

Slight loosening of the implant remains symptomless 
for long periods. Significant loosening causes con- 
siderable pain on weight-bearing and sudden move- 
ments, eventually resulting in a feeling of complete 
instability. Pain on rotation of the leg in a patient with 
a hip implant indicates loosening of the shaft and pain 
on axial compression may indicate loosening of the 
cup. Radiolucent lines more than 2 mm wide indicate 
loosening, but localized and limited osteolysis, while 
incomplete radiolucent lines per se do not constitute 
evidence of loosening of the implant. Migration of 
the prosthesis over time is diagnostic: migration of 
>5 mm indicates loosening. Implant migration indi- 
cates local bone loss which is a significant problem in 
revision surgery. Besides standard radiographs, bone 
scans are also useful for the detection of regions of 
high bone turnover around implants, while computed 
tomography can be used to quantify the amount of 
bone lost. 


33.3 

Treatment Strategies 

Causative therapy consists of replacing the prosthe- 
sis. Indications for this are pain, functional limita- 
tions and migration of the implant. Accompanying 
osteoporosis and loss of bone stock around the im- 
plant can turn this operation into a more dangerous 
and difficult one than the index operation. However, 


recent advances in technology and materials for ce- 
menting may improve long-term results in the fu- 
ture. Intensive research is underway to improve the 
survival of the implants, including local application 
of bisphosphonates and implant coating with osteoin- 
ductive factors. Implantation of cementless implants 
is recommended for younger patients with bone of 
good quality, as less bone is removed, which ensures 
a more favourable situation if a revision procedure 
has to be undertaken later. 

Various modifications to improve osteointegration 
of implants are under investigation: 

• Optimization of prosthetic design with optimal load 
transfer to the bone 

• Better cementing techniques 

• Local application of growth factors (hydroxylapa- 
tite, TGF-p, BMP-2) as well as parathyroid hormone 
to improve osteo-integration of the implant. 


33.4 

Bisphosphonates 

Early administration of nitrogen-containing bisphos- 
phonates inhibits peri-implant osteoclastic resorp- 
tion. This has been demonstrated in numerous ani- 
mal experiments which showed a decrease in bone 
loss around the implant. Current clinical studies are 
hampered by short follow-ups. A recently published 
meta-analysis of six randomized controlled studies 
showed that bisphosphonates given in the immediate 
postoperative period prevented periprosthetic bone 
loss and resulted in a higher periprosthetic bone min- 
eral density (BMD) at the end of the study period 
compared to controls. 

In cases where total joint arthroplasty is planned, 
therapy with bisphosphonates can be given in the fol- 
lowing situations : 

• Underlying systemic or local osteoporosis’, a higher 
bone density in the perioperative period may reduce 
the postoperative bone loss and extent of peripros- 
thetic osteolysis. 

• Underlying chronic inflammatory joint disorder. 
Inhibition of osteoclasts and suppression of osteo- 
clast activating mediators, as well as an increase in 
bone density can help to reduce postoperative bone 
loss and increase the time of implant survival. 
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33 Periprosthetic Osteoporosis and Aseptic Loosening of Prostheses 


The following treatment protocols are recommended. 
Dosages and time intervals depend on the type and 
severity of the underlying condition: 

• Alendronate (Fosamax®) 

70 mg orally once weekly 

• Risedronate (Actonel®) 

35 mg orally once weekly 

• Pamidronate (Aredia®) 

30-60 mg intravenously every 3 months 

• Ibandronate (Bonviva®) 

3 mg intravenously every 3 months 

• Ibandronate (Bonviva®) 

150 mg orally monthly 

• Zoledronate (Aclasta®) 

5 mg intravenously annually 


The following parameters are used to monitor 
therapy : 

• Clinical examination 

• Control radiographs 

• DXA (bone densitometry) (Fig. 33.4) 

• Markers of bone. 

To establish the efficacy of bisphosphonates in prevent- 
ing bone loss after total joint arthroplasty, more ran- 
domized clinical trials with large numbers of patients, 
long-term follow-up and clinically relevant endpoints 
(functional outcomes, revision rates) have to be con- 
ducted. However, the current results for prevention 
of periprosthetic bone loss with bisphosphonates are 
very promising. 
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Fig. 33.4. Dual-energy X-ray 
absorptiometry monitoring 
of bone mineral density in 
periprosthetic region (using 
Lunar Prodigy): Decrease 
of bone mineral density 
( BMD ) in the first year with- 
out bisphosphonate therapy 
and increase of BMD in the 
second year under treatment 
with the bisphosphonate zole- 
dronate 5 mg i.v. annually. 
BMC, bone mineral content 





Oral Bone Loss, Periodontitis 
and Osteoporosis 



Bone loss in the oral cavity occurs due to many condi- 
tions which may be grouped into diseases of bacterial 
aetiology and oral bone loss associated with systemic 
disease (e.g. osteoporosis). Periodontitis (parodontitis, 
paradontosis) is an inflammation of the tissues (the 
gums) surrounding the teeth, which leads to resorp- 
tion of the alveolar bone and can progress to abscess 
formation with loosening and shedding of teeth. In- 
flammation of the gums with loosening of the teeth 
is a clear indication for an immediate dual- energy 
X-ray absorptiometry (DXA), dental investigation and 
appropriate treatment. 


34.1 

Oral Bone Loss and Systemic 
Osteoporosis 

It has long been postulated that oral bone loss may 
be related to systemic conditions which predispose 
the patient to osteoporosis. Indeed, some of the same 
risk factors are present. In postmenopausal women, 
an association between results of systemic measures 
of osteoporosis (DXA of hip and spine) and oral bone 
mineral density was demonstrated in several studies. 
There is also evidence that loss of teeth may be related 
to systemic bone mass. Some studies also reported a 
relationship between systemic bone loss and residual 
ridge resorption. 


34.2 

Pathogenesis of Periodontitis 

Periodontal inflammation is due to bacteria in the 
plaques on the teeth causing inflammatory reactions 
and resorption of the alveolar bone of the jaws. Ma- 
trix metalloproteinases participate in the destruction 
of the periodontal tissues by splitting extracellular 
molecules. Mediators of inflammatory reactions such 
as prostaglandin (PGE 2 ), interleukin 1 (IL-1) and tu- 
mour necrosis factor (TNF) are also involved in the 
resorption of the alveolar bone. Other participants in 
the process are collagenases, macrophages and osteo- 
clasts. The diagnosis is usually not in doubt. Rarely, 
however, a specific cause may be found, such as for 
example a patient with Gorham’s disease presenting 
with an osteolytic lesion confined to the mandible. The 
patient was successfully treated with the bisphospho- 
nate zoledronate. 


34.3 

Clinical Findings 

Examination of the inside of the mouth reveals inflam- 
mation, possibly even purulent, of the gums leading to 
resorption of the alveolar bone surrounding the teeth, 
which are loosened and may fall out on pressure. 
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34 Oral Bone Loss, Periodontitis and Osteoporosis 


34.4 

Treatment Strategies 

Elimination of the dental plaque harbouring the bac- 
teria is an essential prerequisite for successful treat- 
ment. This is accomplished by mechanical removal, 
cleansing and topical application of antibiotics such as 
tetracycline or metronidazole. Non-steroidal anti-in- 
flammatory drugs decrease the level of prostaglandin 
in the area of the inflamed gums, and thereby reduce 
the loss of alveolar bone. 


34.5 

Bisphosphonates 

Bisphosphonates minimize resorption and loss of al- 
veolar bone in the inflamed areas. They inhibit both 
osteoclastic activity and collagenases (metalloprotein- 
ases). This has been demonstrated in many studies 
using oral alendronate preparations. 

Local application of bisphosphonates in toothpaste 
has also been tested. Topical application of etidronate 
decreases plaque formation and thereby also bacte- 
rial infections. Many clinical studies have examined 
a possible connection between systemic osteoporosis 
and buccal bone loss leading to loosening and loss of 
teeth. Presumptive mechanisms include the following: 
all the bones of the skeleton are affected in generalized 
osteoporosis, including those of the jaws; therefore, a 
systemic low bone mass in the skeleton includes the 
jaw bones so that there is a propensity for the teeth 
to fall out. Systemic factors which influence systemic 
bone loss also modify the local tissue reactions to a 
periodontal infection. 

Cases of osteonecrosis of the jaw have been re- 
ported following treatment with high-dose bisphos- 
phonates, almost exclusively in cancer patients treated 
intravenously and in the presence of additional risk 
factors, such as immunosuppression, chemotherapy, 
corticosteroids and poor oral hygiene (Fig. 34.1a,b). 
Bisphosphonate-associated osteonecroses of the jaws 
have been observed mainly in patients receiving high- 


dose, long-term i.v. bisphosphonate therapy, rarely in 
patients on oral therapy. In a study of 335 patients, 
treatment with alendronate was not associated with a 
higher incidence of complications secondary to dental 
procedures, and no cases of osteonecrosis of the jaw 
were observed. The incidence of tooth loss was de- 
creased by more than 40% in the patients treated with 
oral alendronate. Therefore, given the large number of 
women (millions) routinely taking, or who have taken, 
oral bisphosphonates, the very small risk of develop- 
ing osteonecrosis should be considered with due re- 
gard to the benefit in retarding alveolar bone loss and 
treating systemic osteoporosis. 



Fig. 34.1a, b. Osteonecrosis of the jaw in a patient with meta- 
static breast cancer under long-term treatment with i.v. bisphos- 
phonate. (a) X-ray showing necrotic area in the left side of the 
mandible, (b) Histology from this area demonstrating necrotic 
bone tissue with empty osteocytic lacunae and inflammatory 
reaction in the surrounding marrow, Giemsa staining 


Disorders of Bone Due to Tumours 



35.1 

Links Between Osteoporosis and 
Cancer 

Recent studies have raised the question of a possible 
link between osteoporosis and cancer, as demonstrated 
by a report on a cohort of 23,935 men and women with 
osteoporosis who were investigated for risk of cancer. 
The patients were divided into two groups: up to 70 
years of age, who appeared to be at increased risk of 
cancer; and a second group: older than 70 years who 
appeared to be at decreased risk of cancer. The results 
suggested that the risk factors associated with earlier 
or later onset of osteoporosis were also related to an 
increased or decreased risk of cancer, respectively. 


35.2 

Tumour-Induced Hypercalcaemia (TIH) 

Hypercalcaemia is found in about 1% of all hospital- 
ized patients, caused by malignancy in 46% of all 
cases, and by primary hyperparathyroidism (pHPT) 
in 35%. In the remaining 19%, other conditions are 
responsible. These include sarcoidosis, immobiliza- 
tion and medications such as thiazides or active me- 
tabolites of vitamin D. 

Patients with mild hypercalcaemia have no symp- 
toms. The term hypercalcaemic syndrome refers to a 
constellation of symptoms independent of the aetiolo- 
gy including renal, gastrointestinal and neuro-psy- 
chiatric changes. This syndrome has a wide clinical 
spectrum from asymptomatic to lethal. It is charac- 


terized by severe dehydration which is caused by 
the following sequence of events: hypercalcaemia - 
hypercalciuria - polyuria - polydipsia - polyuria. 
Nausea and vomiting further increase the fluid and 
electrolyte loss. The result is hypopotassemia togeth- 
er with disturbances of cardiac rhythm. Moreover, 
fatigue, depression and a general deceleration of cog- 
nitive function indicate additional neuropsychiatric 
involvement. In severe cases, the condition may pro- 
gress to a hypercalcaemic crisis with somnolence and 
coma. 

All patients with cancer are subject to hypercal- 
caemia in the advanced stages of malignancy, in par- 
ticular patients with breast cancer or with multiple 
myeloma, less frequently with neoplasms of the lung 
or prostate. Hypercalcaemic episodes occur in 30% of 
patients with metastatic tumours and in 50% of pa- 
tients with multiple myeloma. 

Hypercalcaemia of malignancy is characterized by 
elevation of serum calcium with suppression of nor- 
mal parathyroid secretion. The increase in serum cal- 
cium is due to aggressive local osteolyses, increased 
renal excretion and increased tubular re-absorption of 
calcium. Two types of TIH are recognized : 

• Osteolytic hypercalcaemia : Tumour cells in the 
bone marrow secrete osteoclast- stimulating factors 
(IL-6, TGF), which stimulate massive osteoclastic 
resorption with release of calcium from the bone. 

• Humoral hypercalcaemia : Many tumours produce 
parathyroid hormone-like substances (PTHrP) 
which bind to PTH receptors in bone and kidney 
and trigger the normal physiological effects of PTH 
(para-neoplastic syndromes). In addition, granulo- 
mas, e.g. in tuberculosis, sarcoidosis and sarcomas 
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35 Disorders of Bone Due to Tumours 


and tumour-induced production of active vitamin 
D metabolites (e.g. in lymphomas) can lead to hy- 
percalcaemia. 


35.2.1 

Treatment Strategies in TIH 

Bisphosphonates have greatly simplified the treatment 
of hypercalcaemia. A single 2-h infusion of one of the 
following is generally effective, especially those with 
high potency, e.g. ibandronate and zoledronate: 


• Clodronate (Ostac®) 1500 mg 

• Pamidronate (Aredia®) 90-120 mg 

• Ibandronate (Bondronat®) 6 mg 

• Zoledronate (Zometa®) 4 mg 


After rehydration, the bisphosphonate is infused 
slowly (1-4 h) in plenty of fluid (e.g. 500 ml of physi- 
ological saline), in order to avoid renal damage. The 
therapeutic activity comes into effect after a delay 
of 2-4 days (longer with Pamidronate), and normal 
levels of calcium are obtained within 4-7 days and 
maintained for a period of several weeks, depending 
on the aggressivity of the tumour and which of the 
bisphosphonates was used (zoledronate 88%, ibandro- 
nate 78%, pamidronate 70%). Generally, the period of 
normalization ranges from 2 to 4 weeks, with a suc- 
cess rate of 70-95%. If a satisfactory result is obtained 
with zoledronate, then the second infusion should be 
given 7 days later. Treatment is repeated if and when 
elevation of serum calcium recurs. A dose of 4 mg 
zoledronate via 15 -min infusion is recommended for 
initial treatment of hypercalcaemia of malignancy 
(HCM) and 8 mg for relapsed or refractory hypercal- 
caemia. The median durations of complete responses 
were 32 (4 mg) and 43 (8 mg) days respectively. 

Patients with renal failure should receive 30-50% 
lower doses, and longer infusion times are recom- 
mended (e.g. pamidronate 0.5 mg/min). Disturbances 
of renal function and/or local side effects at the site 
of infusion have not been reported for ibandronate. 
Moreover, as the hypercalcaemia is normalized, an im- 
provement in renal function is also achieved. Bisphos- 
phonate therapy is less effective and of shorter duration 


when there is a high level of PTHrP. The extraskeletal 
effects of PTHrP are not influenced by bisphosphonate 
therapy. In life-threatening situations, when the level 
of calcium must be lowered rapidly, the combination 
of a bisphosphonate with calcitonin is recommended, 
because this reduces the serum calcium level within a 
matter of hours by increasing the renal excretion of cal- 
cium. The calcitonin acts rapidly and bridges the gap 
till the bisphosphonate begins to exert its effect. 


35.3 

Tumour-Induced Bone Pain (TIBP) 

Bone pain is the most frequent symptom in patients 
with osseous metastases. More than 50% of these 
patients experience bone pain before or at the time 
of diagnosis of skeletal metastases. The pain is con- 
stantly present and may increase in intensity. Multiple 
myeloma and osteomyelosclerosis are also often ac- 
companied by severe bone pain. Bone pain has a com- 
plex, incompletely understood aetiology. Mechanical 
factors include: 

• Increased pressure in the bone marrow 

• Bending or distortion of bone 

• Stretching of the periosteum and/or endosteum 

• Destruction of bone. 


Inflammatory, humoral and neural factors also play a 
role (Fig. 35.1). Prostaglandins, histamine, serotonin, 
bradykinin and other cytokines can all act as triggers 
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Fig. 35.1. Mechanisms of bone pain 
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or as modulators. Bone pain is mediated primarily by 
stimulation of nociceptors (pain receptors) in the peri- 
osteal and endosteal sheaths of the bones. It can also 
be caused by irritation and lesions of the afferent nerve 
fibres within the bone marrow. These fibres regulate 
blood flow through bone, bone marrow and sinusoids. 
Sensory nerve fibres are also present, as demonstrated 
for example by the pain induced when bone marrow is 
aspirated. Results of recent studies have implicated the 
RANKL/OPG system as a major factor in triggering 
bone pain. Moreover, tumour cells themselves secrete 
cytokines which stimulate T-lymphocytes and osteo- 
clasts, which leads to further release of inflammatory 
mediators as bone is resorbed. Generalized bone pain 
is also caused by the increased pressure resulting from 
bone marrow infiltration (metastatic, leukaemic) or 
by oedema of the bone marrow. Paraneoplastic bone 
pain is mediated indirectly by the tumour by way of 
the hormone-like substances it secretes. 

The treatment of bone pain in patients with ma- 
lignancies should be an integral part of the overall 
management. Bone pain in cancer patients may have 
various causes: 

• Due to the tumour itself (85%) 

• Due to therapy (17%) 

• Associated with the tumour (9%) 

• Independent of the above (9%). 


35.3.1 

Treatment Strategies in TIBP 

The first aim is elimination of the cause of the bone 
pain by specific therapy of the condition diagnosed if 
possible, for example: 

• Vitamin D for osteomalacia 

• Antibiotics for osteomyelitis 

• Radiotherapy for focal neoplastic lesions. 

Treatment of tumour-induced bone pain also includes: 

• Physical therapy (exercises, physiotherapy) 

• Central and peripheral analgesics 

• Additional medications (antidepressants, tranquil- 
izers, muscle relaxants) 

• Invasive therapy (peridural or intrathecal opioids) 

• Antineoplastic therapy (chemo- and radiotherapy) 

• Antiresorptive therapy (bisphosphonates, calcitonin). 


The alleviation of TIBP by bisphosphonates has been 
demonstrated in several placebo-controlled clinical 
trials. The effect is often felt within a day and may 
last for weeks or months, depending on the dose ad- 
ministered. However, not all physicians, even experts 
in the field, are aware of the alleviation of bone pain 
by bisphosphonates. Markers of bone resorption cor- 
relate closely with the analgesic effect. Success of 
bisphosphonate therapy is indicated by: 

• Reduction of pain intensity 

• Reduction in use of analgesics 

• Reduction in need for radiotherapy 

• Reduction in surgical interventions. 

The following protocols are recommended for tu- 
mour-induced bone pain: 

• Clodronate (Ostac®) 

600 mg infusion every 3-4 weeks 

• Clodronate (Ostac®) 

1600 mg orally daily 

o Pamidronate (Aredia®) 

60-120 mg infusion every 3-4 weeks 

• Zoledronate (Zometa®) 

4 mg i.v. infusion every 3-4 weeks 

• Ibandronate (Bondronat®) 

2-6 mg infusion every 3-4 weeks 

• Ibandronate (Bondronat®) 

50 mg orally daily 


Until recently, bisphosphonates were given when 
bone pain was presumably caused by osteolytic 
lesions. Pain induced by osteoblastic metastases, 
osteomyelosclerosis or systemic mastocytosis also 
responds rapidly and for long periods to bisphos- 
phonate therapy. In practice, all large studies of 
metastatic carcinoma and multiple myeloma have 
confirmed the analgesic effects of bisphosphonates 
on pain due to osteolytic as well as osteoblastic and 
mixed metastases. This indicates that relief of bone 
pain by bisphosphonates is not due exclusively to 
inhibition of osteoclasts, but that the bisphospho- 
nates also act on other cells such as T-lymphocytes 
and stromal cells and thereby exert an effect on the 
RANKL/OPG system. 



256 


35 Disorders of Bone Due to Tumours 


35.4 

Skeletal Manifestations in Multiple 
Myeloma (MM) 

Multiple myeloma is not only a malignant disease of 
the bone marrow, but it is also a generalized disorder of 
bone characterized by skeletal destruction (Fig. 35.2). 
The skeleton must therefore be carefully examined 
together with investigation of haematopoiesis and the 
myeloma itself. These investigations should ideally be 
completed before organ complications have developed 
so that early preventive and supportive measures can 
be undertaken. Bone specific findings and symptoms 
at the time of diagnosis include: 

• Bone pain 55% 

• Osteolyses 45% 

• Osteoporosis 40% 

• Spontaneous fractures 18% 

• Hypercalcaemia 16%. 

A systematic X-ray examination of the axial skele- 
ton is essential for initial diagnosis and monitoring. 
Bones most frequently affected are those of the skull 
(Fig. 35.3), thoracic and lumbar vertebrae, followed by 
other bones which enclose haematopoietic bone mar- 
row. The structure of the osseous lesions is determined 
by the basic growth pattern of the MM within the bone 
marrow: osteolyses with the nodular type and osteopo- 
rosis with the interstitial type. Osteosclerosis has been 
found in less than 3% of myeloma patients. 

When the histologic growth pattern of the myeloma 
is correlated with osteoclastic bone remodelling, two 
groups can be distinguished: 



Fig. 35.2. Massive osteoclastic bone resorption of an ossicle 
with myeloma cells in the vicinity, Gomori staining 



Fig. 35.3. X-ray of skull illustrating typical punched-out 
lesions in a patient with multiple myeloma 


• Paratrabecular (Fig. 35.4a, b) and/or nodular growth 
patterns with high-grade osteoclastic resorption 

• Interstitial loose infiltration without apparent in- 
creased osteoclastic resorption 

The first is associated with a distinctly less favourable 
prognosis, and therapy with bisphosphonates is clearly 
indicated. Change to an interstitial type under bisphos- 
phonate therapy carries a more favourable prognosis 
with it. 

35.4.1 

Treatment Strategies in Skeletal 
Manifestations of MM 

Though chemotherapy reduces the tumour mass 
considerably, it does little to repair osteolytic bone 
lesions or to prevent further loss of bone. First- 
generation bisphosphonates also showed little effect. 
On the other hand, modern bisphosphonates such as 
clodronate or pamidronate given intravenously in 
placebo-controlled trials were effective in the treat- 
ment of skeletal-related events (SREs). The broad 
range of indications for therapy with bisphospho- 
nates in myeloma should be taken into account when 
planning the management of each patient. The effect 
of ibandronate on osteoclastic bone remodelling and 
on myeloma cells is impressively demonstrated in 
Fig. 24.3a, b. Results of previous clinical experience as 
well as of clinical trials have highlighted the follow- 
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Fig. 35.4. (a) Example of paratrabecular infiltration in mul- 
tiple myeloma and the effect on bone, Giemsa staining, (b) 
Higher magnification showing that the paratrabecular layer of 
cells consists almost entirely of myeloma cells activating the 
osteoclastic resorption, Giemsa staining 

ing indications for bisphosphonate therapy in multiple 
myeloma: 

• Hypercalcaemia 

• Bone pain 

• Osteoporoses 

• Osteolyses 

• After radiotherapy for osteolyses. 

The protocols used for therapy of SREs are given 
below: 

• Pamidronate (Aredia®) 

60-120 mg infusion every 3-4 months 

• Clodronate (Ostac®, Bonefos®) 

600-900 mg infusion every 3-4 months 

• Ibandronate (Bondronat®) 

6 mg infusion every 3-4 months or 50 mg 
orally daily 

• Zoledronate (Zometa®) 

4 mg infusion every 3-4 months 


In the case of dehydration and/or hypercalcaemia, 
infusion of a bisphosphonate should be carried out 
after rehydration and slowly to avoid renal damage, 
which is almost the rule in myeloma. Therefore, it is 
always best to choose bisphosphonates with the lon- 
gest half-life in the serum to minimize the possible 
renal damage. The significance of bisphosphonate 
therapy in multiple myeloma lies in prevention of 
skeletal complications. Institution of bisphosphonate 
therapy at the time of diagnosis will lead to significant 
abrogation or at least to a clearly delayed appearance 
of skeletal complications, such as osteolysis, osteopo- 
rosis, fractures, hypercalcaemia and bone pain. Fur- 
thermore, it has been demonstrated conclusively that 
the aminobisphosphonates exert an antiproliferative 
effect on tumour cells , i.e. they inhibit growth of my- 
eloma cells both directly and indirectly as described 
below. Therapy with zoledronate or ibandronate trig- 
gered a number of activities which were even en- 
hanced when dexamethasone or chemotherapy with 
paclitaxel was added: 

• Increased apoptosis of myeloma cells 

• Reduction of osteoclastic and stromal cell produc- 
tion of IL-6 

• Anti-angiogenic effect on blood vessels and stromal 
cells (changes similar to those seen after therapy 
with thalidomide) 

• Cytotoxic effect on myeloma cells through activa- 
tion of T-lymphocytes 

• Interference with cellular interactions such as: 

- Inhibition of matrix metalloproteinase- 1 secretion 
(stimulated by IL-1). 


35.5 

Skeletal Metastases - 
The Fundamental Problem 
in Clinical Oncology 

Metastasis is a fundamental problem in clinical oncol- 
ogy. Once established in the skeleton or elsewhere, the 
malignancy is systemic and can no longer be cured 
by surgery alone. This is the reason that tumours are 
regarded as systemic from the moment osseous or 
other metastases are detected. Some even consider 
all malignant tumours as systemic from the moment 
they are established and certainly as soon as they have 
attained a clinically detectable size. 
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Skeletal metastases can remain dormant and symp- 
tomless for many years. But when they begin to spread, 
metastases cause a drastic reduction of the patient’s 
quality of life due to complications such as pain, im- 
mobility, fractures, spinal cord compression, hyper- 
calcaemia and haematopoietic insufficiency. The situ- 
ation is made even worse by the fear, depression and 
hopelessness which inevitably accompany the physical 
condition. Prevention of metastatic spread is as yet un- 
attainable simply because it has already occurred in 
many patients before the tumour itself was diagnosed. 
Studies have shown that over 10% of patients with breast 
cancer have metastases which have been dormant for 
over 10 years. Cases of recurrence of metastatic spread 
after more than 20 years (or even longer) have also been 
reported. What intrinsic and/or extrinsic factors enable 
malignant cells to survive in a state of “hibernation” or 
dormancy, and what events/circumstances trigger their 
subsequent awakening and renewed growth have not 
yet been completely elucidated. 

The lungs, liver and bone marrow act as filters for 
disseminated circulating malignant cells and are the 
most frequent sites for hematogenic spread. Of these, 
the bone/bone marrow environment offers ideal con- 
ditions for establishment of metastases. However, the 
frequency of metastatic involvement of the skeleton at 
autopsy varies from 25 to 85%, probably due to dif- 
ferences in the method and thoroughness of search. 
Skeletal metastases are found at autopsy in 70%-85% 
of patients with tumours of the breast, prostate and 
lung, but fewer than half of these had been recognized 
clinically during the patients’ lifetime. The overall 
impression from previous studies is that up to 90% of 
all patients who die of malignant tumours had skel- 
etal metastases. Certain tumours exhibit osteotro- 
pism , that is, a particular affinity to metastasize to the 
bones. These include tumours of the breast, prostate, 
lung, kidney and thyroid, and they are responsible for 
over 80% of all metastases in bone. 

Metastases “home” to bones which house red hae- 
matopoietic marrow (Fig. 35.5a,b). Several factors 
are responsible for this proclivity: the extensive vas- 
cular system, the thin vascular walls, often without a 
basal membrane, and the slow blood flow through the 
sinusoids in the bone marrow. These are ideal con- 
ditions for intravascular tumour cells to migrate into 
the surrounding tissues and to implant, i.e. establish 
themselves (“seed and soil” hypothesis). A greater 
understanding of the molecular mechanisms of skel- 



Fig. 35.5a,b. Initial stages in the process of establishment of 
metastases in the bone marrow, (a) Dissemination of tumour 
cells in the bone marrow and incipient adhesion to the surface 
of the bone (immunohistology). (b) Large intravascular tumour 
embolus and small interstitial clusters of tumour cells in hypo- 
cellular bone marrow, Giemsa staining 

etal metastases is expected to lead to the development 
of more targeted therapy. Some progress has already 
been made with respect to factors released by the 
tumour cells, the bone cells and the environmental 
mesenchymal cells. Tumour cells produce predomi- 
nantly growth factors and cytokines that stimulate 
either osteoclasts or osteoblasts. Growth factors re- 
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Fig. 35.6. Four stages in establishment of bone metastases 
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Osteoclastic resorption Expansive resorption 


Fig. 35.7. Cells and factors involved in metastatic osteolysis 
and bone loss: two types of mechanisms 


leased from the bone matrix support and maintain the 
tumour cells themselves - a kind of vicious cycle is 
established whereby the environment and the metas- 
tases support each other (Fig. 35.6). The elucidation of 
this process has suggested new therapeutic avenues of 



Fig. 35.8 a, b. Iliac crest biopsies illustrating (a) osteoclastic 
and (b) direct tumour cell osteolyses in metastatic bone dis- 
ease, all Giemsa staining 


Table 35.1. Histologic bone reactions in various primary tu- 
mours (% of cases with metastatic bone disease) 



approach - to inhibit tumour growth by targeting the 
bone marrow microenvironment. 

As outlined above, an osseous reaction with mark- 
edly increased remodelling, particularly resorption, oc- 
curs in 93% of patients with skeletal metastases, and 
bone turnover markers are used for diagnosis, prognosis 
and as predictors of skeletal complications in many sol- 
id tumours. Two types of bone resorption in metastatic 
bone disease are known: osteoclastic and expansive by 
the tumour cells themselves (Figs. 35.7 and 35.8a,b). The 
type of osseous reactions to the metastases depends on 
the primary tumour. Usually osteoclastic resorption is 
accompanied by osteoblastic formation. Metastases of 
breast cancer exhibit this mixed osteoclastic/osteoblas- 
tic reaction, while the metastases of prostatic carcino- 
mas evoke an almost exclusively osteoblastic reaction 
with production of woven bone (Table 35.1). 


35.6 

Skeletal Metastases of Breast 
and Prostate Cancer 


35.6.1 

Bone Reactions in Breast Cancer 

Mammary carcinoma is the most frequent malignant 
tumour in women. It effects one out of ten women, 
is fatal in 30% of cases and over 75% of patients 
will have osseous metastases with progression of the 
disease. The average survival after the appearance of 
osseous metastases is approximately 2-3 years. The 
prognosis is much worse (only a few months) when 
visceral metastases have occurred. 

Destruction of bone and replacement of haemato- 
poietic tissue by the tumour or by the cytotoxic ef- 
fects of chemotherapy, or both, lead to the following 
complications: 
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• Bone pain 60-80% 

• Osteoporosis 40-50% 

• Pathologic fractures 10-30% 

• Hypercalcaemia 10-30% 

• Bone marrow failure 20% 

• Spinal cord compression 10%. 


35.6.2 

Treatment Strategies in Metastatic Breast 
Cancer 

Before beginning therapy for breast cancer, certain 

goals are set: 

• Prevention of development of metastasis by tumour 
cells already dispersed in the body. 

• Treatment of micrometastases and prevention of 
skeletal destruction once bone marrow involvement 
has been detected, for example, by MRI, bone scan 
or bone biopsy. The efficacy of bisphosphonates in 
this setting has already established. 

• Prevention and treatment of osteoporosis: It should 
be noted that bone loss may be due to the patient’s 
age, to the disease itself and to therapy, any or all of 
which can cause osteoporosis resulting in pathologic 
fractures. Recent studies have indicated that this 
bone loss can be prevented by bisphosphonates, and 
skeletal integrity maintained. 

• Treatment of pre-existing skeletal complications, as 
in patients with advanced breast cancer or compli- 
cations associated with radiotherapy or other pro- 
cedures (palliative treatment). Administration of 


bisphosphonates after radiotherapy can accelerate the 
re-calcification of osteolytic lesions after radiation. 

• Prophylaxis with bisphosphonates is becoming ever 
more significant, also in view of the minimal side 
effects of these drugs. 

• On completion of radio- and chemotherapy, after 
surgery, treatment with aromatase inhibitors, an- 
astrazole or letrozole, is initiated. Bisphosphonate 
therapy is continued as long as this treatment is 
continued, for up to 5 years. Results of a study with 
zoledronic acid 4 mg given bi-annually by i.v. infu- 
sion for 5 years have documented the prevention of 
bone loss in these postmenopausal patients on ther- 
apy with letrozole after the first year of therapy. 


35.6.3 

Bisphosphonates for the Prevention 

of Metastasis 

Bisphosphonates form an integral part of the manage- 
ment of breast cancer (Fig. 35.9). Clinical studies of 
patients treated with clodronate over a 3 -year period 
have shown a 50% reduction in skeletal metastases. 
The survival time of patients on long-term therapy 
with clodronate or ibandronate was significantly in- 
creased. However, these studies did not produce uni- 
form results with respect to visceral metastases and 
survival. It is clear that patients who had circulating 
tumour cells or high levels of bone sialoprotein (BSP) 
benefit most from this type of adjuvant therapy. BSPs 
are produced by osteoclasts and tumour cells and play 



Fig. 35.9. Cascade of 
reactions in the develop- 
ment of skeletal metasta- 
ses and the inhibitory ef- 
fects of bisphosphonates. 
BM , bone marrow 
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an important part in cell-matrix interactions in bone, 
e.g. adhesion of osteoclasts to collagen type I. 


35.6.4 

Bisphosphonates for the Prevention 
of Skeletal Complications 

Micrometastases - as well as larger established metas- 
tases - are demonstrable on MRI, tumour markers in 
blood and by bone biopsy. At this point, these metas- 
tases have not evoked any osseous reactions demon- 
strable by bone scan or X-ray, and administration of 
bisphosphonates can prevent their establishment and 
development on and in the bones. 


35.6.5 

Bisphosphonates for the Treatment 
of Skeletal Complications 

Bisphosphonates have strong antiresorptive effects 
and also some degree of osteoreparative (recalcifica- 
tion) effect (Fig. 35.10). They can prevent unwanted 
bone loss following radiotherapy. Administration of 
bisphosphonates leads to increased formation of cal- 
lus which accelerates healing of bone defects. A dose 
of 1000 IU vitamin D daily (after exclusion of hy- 
percalcaemia!) promotes mineralization of the newly 
formed bone. However, since complete restoration of 
normal bone structure in large osteolytic lesions can 
take years, it is all the more important to prevent them. 
Previous studies have shown that bisphosphonates can 
prevent SREs: new osteolytic lesions, pathologic frac- 
tures, hypercalcaemia, spinal cord compression and 
bone pain, thereby reducing the need for surgery and 
radiotherapy. Clinical studies on the renal safety and 
the efficacy of bisphosphonates in patients treated for 
over 10 years have now been published. A modest 
increase in survival of premenopausal patients was 
also observed. Administration of a bisphosphonate 
such as clodronate together with irradiation of an os- 
teolytic lesion is thought to have an additive effect. 
The presence of visceral metastases, though probably 
predictive of a shorter survival, is no justification for 
not giving bisphosphonates. In addition, numerous 
articles from many countries have now confirmed the 
efficacy of bisphosphonates for skeletal protection in 
patients with breast cancer. Many have emphasized 
the efficacy of early administration of bisphospho- 



Fig. 35.10. Recalcification of osteolytic lesions of the femur 
under bisphosphonate and chemotherapy in a patient with 
metastatic breast cancer 


nates, for example immediately following neoadjuvant 
chemotherapy, to evaluate effects on cellular apop- 
tosis, proliferation and on angiogenesis, in addition 
to the effects on the actions of the bone cells for 
prevention of the osteoblastic and/or osteolytic effects 
stimulated by the tumour cells. 

Treatment of skeletal complications is best achieved 
by monthly intravenous or daily oral administration of 
bisphosphonates: 


• Pamidronate (Aredia®) 

90 mg infusion monthly 

• Ibandronate (Bondronat®) 
6 mg infusion monthly 

• Ibandronate (Bondronat®) 
50 mg orally daily 

• Zoledronate (Zometa®) 

4 mg infusion monthly 
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These protocols automatically include both treat- 
ment and prevention of osteoporosis; note that both 
oral and i.v. administration are now available. The op- 
timal duration of bisphosphonate therapy in this clini- 
cal setting has not yet been established. A diet rich in 
calcium and a vitamin D supplement should also be 
prescribed after exclusion of hypercalcaemia. 

35.6.6 

Bone Reactions in Prostatic Cancer 

A total of 10-20% of patients with prostatic cancer 
have bone metastases at the time of diagnosis; some 
may be small. Consequently, whole-body MRI has 
been advocated for complete as possible detection of 
skeletal metastases of prostate cancer. Moreover, the 
simultaneous demonstration of associated skeletal 
complications is an advantage. Whereas osteolytic 
lesions predominate in multiple myeloma and breast 
cancer, metastases of prostatic cancer are character- 
ized by their osteoblastic reactions evoked by a num- 
ber of mediators (Fig. 35.11). 

In spite of the preponderance of bone formation, 
bisphosphonates are also indicated both as a preven- 
tive and a palliative measure due to the significant role 
played by the osteoclasts because of the “coupling” of 
processes involved in bone remodelling even in these 
metastases. Moreover, experimental studies have 
shown that the tumour cells can produce the recep- 
tor activator of RANKL, which activates osteoclasts. 



Fig. 35.11. Diminution of marrow space by woven bone de- 
posited on the lamellar trabecula, as well as in the marrow 
space in a patient with skeletal metastases of prostate carci- 
noma, Gomori staining polarization 


Matrix metalloproteinases, which degrade bone ma- 
trix, are also secreted by the prostatic tumour cells. 
Moreover, after therapy with bisphosphonates, a rapid 
and prolonged alleviation of pain, together with a re- 
duction in requirements of analgesics, has been re- 
ported by patients with prostatic skeletal metastases. 
The improvement in the pain score also coincides with 
a decrease in resorption products in blood and urine. 
The considerable risk of osteoporosis due to therapeu- 
tic hypogonadism constitutes another justification for 
the early initiation of bisphosphonate therapy. The ef- 
fects of androgen deprivation therapy are far reaching 
including changes in body composition: lean mass, fat 
mass and muscle mass, as well as reduction in BMD. 
Encouraging results have already been obtained with 
high doses of parenteral clodronate, alendronate, 
pamidronate and ibandronate. Bisphosphonate treat- 
ment of painful osseous metastases due to hormone 
refractory prostate cancer resulted in a significant de- 
crease in pain and a corresponding significant reduc- 
tion in the daily consumption of analgetics in 75% of 
patients. Each parameter correlated with an increase 
in the Karnofsky index, mainly due to better mobil- 
ity. Therefore, bisphosphonates have a definite role in 
the palliative management of symptomatic hormone 
refractory prostate cancer. It has already been estab- 
lished that therapy with bisphosphonates decreases 
the risk of skeletal complications in men with andro- 
gen independent prostate cancer and bone metasta- 
ses. Moreover, preliminary trials of chemotherapy 
(taxane) together with a bisphosphonate (zoledronate) 
have shown good results, as have preliminary results 
of therapy with denosumab, a human monoclonal an- 
tibody to RANKL. 

Consensus Guidelines have recently been pub- 
lished for the introduction of bisphosphonates into 
the management of metastasizing cancers (Berensen 
2005). Studies on the benefits of zoledronate in the 
prevention of skeletal complications have already 
been published. In addition, studies aimed at the pre- 
vention of skeletal metastases are currently under way 
with ibandronate. A retrospective analysis of patients 
with non-small cell lung cancer treated with zoledro- 
nate for 21 months showed a statistically significant 
correlation between the therapy and increased sur- 
vival. It should also be mentioned that zoledronate is 
the only bisphosphonate that has demonstrated statis- 
tically significant long-term benefits in patients with 
renal cell carcinoma. New Consensus Guidelines on 
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the use of bisphosphonates in solid tumours have just 
been published. 

Finally, a word of caution : the possibility of 
bisphosphonate-induced necrosis of the jaws (ONJ) 
must not be forgotten when giving potent bisphospho- 
nates, especially intravenously. The patient must be 
fully informed, consultation with the dentist is strong- 
ly recommended, and a consent form must be signed 
before therapy is started, particularly if used for indi- 
cations not yet completely authorized. Therefore, it is 
advisable to check whether administration of bisphos- 
phonates for the prevention of metastases in patients 
with the tumours mentioned above has already been 
authorized, as for example zoledronate for treatment 
of patients with bone metastases in the US. The ef- 
ficacy of bisphosphonates for prevention of skeletal 


metastases is now being investigated in many clinical 
trials and results are awaited. Treatment-induced bone 
loss can also occur in cancers other than those men- 
tioned above, for example certain sarcomas. 

One last important group comprises the long-term 
cancer survivors , who should be regularly monitored 
for the state of the skeleton, so that timely preventive 
therapy can be given if and when required. This ap- 
plies to children as well as to adults. Finally, in certain 
specific cases, tumour-induced skeletal destruction 
may require a completely different approach, for ex- 
ample in the case of malignant vertebral compression 
fractures: radionuclide therapy for the malignant cells 
and injection of polymethyl methacrylate to support 
the vertebral body. Studies for the optimal treatment 
of such fractures are underway. 


The Metabolic Syndrome - A Major Cause 
of Osteoporosis in the World Today 




The first systematic review of cardiovascular risk fac- 
tors, with insulin resistance as a common denomi- 
nator, was published in 1988 by G. Reaven under 
the title of “Syndrome X”. Since then, recognition 
and identification of Syndrome X, known today as 
the metabolic syndrome (MetSyn) has been steadily 
increasing, especially during the first decade of the 
21st century. It should be emphasized that this steady 
increase parallels the increase in obesity almost the 
world over, in the developed countries, but also in the 
so-called underdeveloped countries. It is important 
to stress that all ages may be affected by obesity 
from the youngest of the young to the oldest of the 
old. Therefore, all ages are also vulnerable to the 
consequences of obesity including the MetSyn and 
the risk factors for cardiovascular disease, as well as 
metabolic bone disorders including osteoporosis that 
it represents. The MetSyn is also a representative of 
the up-to-date disease classification now being ap- 
plied as more comprehensive information on the basic 
underlying physio-pathological pathways leading to 
disorders and diseases has become available, and is 
still being revealed by the ongoing investigations. 

Recent (2008) estimates of the prevalence of obe- 
sity in the populations of some countries include the 
following: 


USA 

Netherlands 

Spain 

Germany 

European Union in general 
Arabian oil-rich countries 
Taiwan 


24-33% of both genders 
23-37% 

19% male and 6% female 
42% 

25% of both genders 
30% male and 40% female 
4-22% of both genders 


Even though these values depend on different crite- 
ria, they demonstrate unequivocally the high numbers 
of obese people in many parts of the world today. 

Varying definitions of the MetSyn have been pro- 
posed, of which the following three are widely used 
internationally, though many countries have published 
their own versions: 

• World Health Organization (WHO). 

• National Cholesterol Education Program Adult 
Treatment Panel 111 (NCEP-ATP-111). 

• 3rd International Diabetes Federation (IDF). 

Some investigators in the US have also utilized the 
US National Health and Nutrition Evaluation Survey 
(NHANES) to define the MetSyn. However, it should 
be clearly stated that each of these definitions has 
its own values for the criteria used: for example 
differences in the cut-off values of waist circumfer- 
ence, an indication of visceral obesity. Therefore, 
there may be significant differences in the results 
of investigations depending on which definitions and 
criteria were applied, even to the same participants. 
For example, a lower waist cut-off value would in- 
clude significantly more participants with MetSyn 
than a higher cut-off value! In the latest edition 
of the Merck Manual , the MetSyn is described as 
follows: 

“The Metabolic Syndrome is characterized by ex- 
cess abdominal fat causing at least two of the following: 
insulin resistance, dyslipidemia, and hypertension. 
Causes, complications, diagnosis and treatments are 
similar to those of obesity. ” Dyslipidemia itself is also 
a risk factor for osteoporosis. In addition, the Merck 
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Manual lists the following criteria for diagnosis of the 
Meta Syn: 

• Waist circumference, cut-off values (cm) 102 cm for 
men, 88 cm for women 

• Fasting glucose (mg/dl) >110 mg/dl 

• 2-h postprandial glucose >140 mg/dl 

• Blood pressure mmHg >139/85 

• Triglycerides, fasting >150 mg/dl 

• Low density lipoprotein (LDL) cholesterol >100 mg/dl 

• High density lipoprotein (HDL) cholesterol <40 mg/ 
dl for men, <50 mg/dl for women 

• Increases in bone mass index (BMI) >35, and body 
fat distribution (Fig. 36.1a-c) 

It has been suggested that the simple measurements 
of BMI, waist circumference and blood pressure will 
identify most young adults with MetSyn and therefore 
at risk for type 2 diabetes and cardiovascular disease, 
as well as the consequences of both. Additional cri- 
teria can then be evaluated in the positive patients so 
that preventive strategies can immediately be initiated. 
The Merck Manual also states that the syndrome is 
very common and, as an example, that possibly al- 
most half of people over 50 years of age in the US 
are affected. 

The excess abdominal fat (Fig. 36.1a-c) in obese pa- 
tients eventually leads to hepatic and muscular insulin 
resistance, to hyperglycaemia, to hyperinsulinemia, to 
dyslipidaemias and to hypertension, resulting in dia- 
betes mellitus and cardiovascular diseases - the latter 
two both being risk factors for osteoporosis. Addition- 
ally, uric acid levels in the serum are elevated and a 
prothrombotic state may develop, thereby indicating 
involvement of the renal and haematopoietic systems, 
which in turn are interwoven with the metabolism of 
the bones as witnessed by renal osteodystrophy, osteo- 
penia and osteoporosis. The immune system is also in- 
volved in the MetSyn, with increases in inflammatory 
cytokines, and clearly this also affects the metabolism 
of the bones, resulting in osteopenia/osteoporosis, 
among other osteodystrophies. 

It has been suggested that the peroxisome prolif- 
erator-activated receptors (PPARS) play an important 
part in the pathogenesis of the MetSyn. The PPARS 
are a sub-group of the nuclear hormone receptor 
family of ligand-activated transcription factors. The 
PPARS have been implicated in diabetic nephropathy, 
glomerulosclerosis and progression of renal disease 
with its accompanying osteodystrophy. Cystatin C is 


also associated with the MetSyn in dyslipidaemic pa- 
tients as a significant marker for risk of cardiovascular 
and renal disease. The MetSyn itself has been impli- 
cated in the pathogenesis of chronic hepatitis C (CHC) 
as well as non-alcoholic liver disease. 

The bone mineral density (BMD) and fracture risk 
in patients with the MetSyn is determined by the bal- 
ance between the “beneficial” effects of obesity and 
the detrimental effects of hyperglycaemia, and when 
the latter prevails osteoporosis results. Many other 
factors, conditions and disorders are associated with 
the MetSyn, but only some can be mentioned in this 
brief review: calcium homeostasis, levels of vitamin 
D and parathyroid hormone, neuro- endocrine factors, 
androgen deprivation therapy, endothelial cell dys- 
function as an initial step in atherosclerosis, bi-polar 
disorders, polycystic ovary syndrome and psoriasis in 
the adolescent population. The bones may be affected 
in all of them. 

Increases in BMI and the waist circumference in 
any patient are frequently regarded as signs that the 
patient should be screened for the MetSyn, utilizing 
one of the recognized definitions, so that appropriate 
preventive measures can immediately be initiated if 
the results are positive. 

According to some authorities, the MetSyn is cur- 
rently considered the most important public health 
threat of the 21st century. 

It has been estimated that in patients with the 
MetSyn the risk of cardiovascular disease and dia- 
betes is increased 1.5- to 2-fold. Nevertheless, many 
questions still remain unresolved in spite of the as- 
tronomical amount of work already published. There 
are concerns about the criteria applied, for which 
there is no consensus as yet, and there are some in- 
vestigators (a minority), who even question whether 
the diagnosis of MetSyn has any additional value in 
clinical practice today. However, taking into account 
the high estimated percentages of obese people in 
many populations, the recognition of the MetSyn as 
a direct consequence of obesity provides an unparal- 
leled and highly significant opportunity for dissemi- 
nation of widespread information and knowledge, for 
early diagnosis and application of effective preven- 
tive measures to decrease the incidence of cardiovas- 
cular morbidities - the number one killer (medically 
speaking) in the world today! 

Moreover, as pointed out in numerous investi- 
gations, there are many diseases associated with 
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Trend: Distribution of fatty tissue 
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Fig . 36.1 . (a) Dual-energy X-ray absorptiometry measurement percentages of body fat in the different areas (gynoid versus 

(Lunar Prodigy Advance) of the total body used for measuring android), important cardiovascular risk factors in the metabolic 
bone density and body composition, (b) Measurement of BMD syndrome 
of total hip (c) Measurement of the body mass index and the 


increased body weight and increased BMI: life span 
is shortened and the risk of sudden death is increased. 
In addition to all the varieties of cardiovascular dis- 
orders, as well as diabetes and its accompanying 
co-morbidities including osteoporosis, studies have 


demonstrated that osteoarthritis, sleep apnoea and 
certain forms of cancer are also increased. In the 
human body many metabolic and immune response 
pathways are highly integrated and the proper func- 
tion of the one is dependent on that of the other. 
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These interwoven pathways can be viewed as cen- 
tral homeostatic mechanisms, the dysfunctions of 
which lead to chronic metabolic disorders such as 
the MetSyn and its consequences, hence the current 
threat to global human health. 

It is of interest that there is a relationship between 
gestational diabetes and the MetSyn, as demonstrated 
by the results of a case control study of 58 women with 
and 58 women without gestational diabetes. MetSyn 
was diagnosed during the immediate postnatal period 
using the criteria of the National Cholesterol Educa- 
tion Program (NCEP-ATP111) only in the study group 
but not in the controls. 

As mentioned previously, the MetSyn also occurs 
even in very young children. A Chinese study of the 
MetSyn in obese children born large for gestational 
age showed that in this group the prevalence was 
65%, significantly lower than the 45% for children 
born with size appropriate for gestational age. More- 
over, hypertension and hypertriglyceridaemia with its 
risk of osteoporosis were components of the MetSyn 
in these obese children. Another study investigated 
the prevalence of the MetSyn in a sample of racially 
and ethnically diverse 8th grade students in the US: 
9.5% of the youths were positive using the IDF crite- 
ria. The parameters evaluated included: height, weight 
and waist circumference; fasting blood samples were 
analyzed for glucose, insulin, a factor for insulin re- 
sistance, and for lipids. Other reports have empha- 
sized that overweight children belong to a special risk 
category and should be screened, regardless of other 
risk factors. These reports also emphasize the need 
for early prevention by means of adherence to dietary 
guidelines, physical activity and other lifestyle fac- 
tors. This is particularly important in children who 
are still growing and therefore any adverse effect on 
the skeleton should be scrupulously avoided. Initiated 
early enough, these simple measures have already 
proven to be highly effective. However, as in practi- 
cally everything else, there are exceptions. A cohort 
of Australian Aboriginal children age 9-14 years was 
studied: 14% had MetSyn, 6.4% were overweight, 
4.9% were obese and 26.2% had an elevated waist 
circumference. However, >50% of the children with 
MetSyn were neither overweight nor obese, although 
a tendency for central obesity was already evident in 
these children, indicating that measurement of waist 
circumference would help to identify children at high 
risk of MetSyn and therefore of deleterious effects on 


the bones. Results of other investigations have shown 
that changes in plasma lipids and lipid fractions also 
appear to be early markers of the MetSyn with risk 
of osteoporosis in obese prepubertal children. If left 
untreated, these children might not attain an adequate 
peak bone mass. 

Quite a number of investigations have been carried 
out on the genetics of MetSyn. However, to date, no 
single gene or cluster of genes has been consistently 
replicated for the MetSyn among different popula- 
tions, possibly due to the complex interplay between 
genes and environment which occurs for expression 
of the MetSyn, and possibly also due to the lack of 
agreement on the definition of the phenotype. More- 
over, some authors have advocated investigation of 
the various components of the MetSyn separately. 
New experimental approaches, such as combination 
of gene expression profiling with linkage and corre- 
lation analyses, among others, are expected to yield 
positive results. Additional studies have already dem- 
onstrated a potential involvement of the 11-15 pathway 
with muscle and bone phenotypes and with predictors 
of the MetSyn. A single gene defect in Wnt signalling 
has also been linked to coronary artery disease and 
multiple cardiovascular risk factors. 

Many associations of the MetSyn with other dis- 
ease entities have also been described in specific 
racial and/or ethnic groups. To mention but a few: 
the development of chronic kidney disease (CKD), 
depressive states, inflammatory conditions, risk of 
cataract extraction and severe periodontitis, which in 
turn may predispose to osteonecrosis of the jaw bones 
in patients with other contributory factors, such as a 
malignancy under treatment with intravenous chemo- 
therapy. 

Finally, a practical approach to the MetSyn (Blaha et. 
al. 2008): After studying numerous publications from 
January 1988 to December 2007, the authors have out- 
lined a comprehensive management plan: the ABCDE 
approach. The motive and goals were and are to increase 
awareness of the inherent dangers in obesity and to aid 
the general public, and particularly doctors, to recog- 
nize the risks of obesity and to stimulate early diagnosis 
and immediate initiation of preventive measures and of 
management strategies according to the ancient prov- 
erb: Prevention is better than cure ! 

The ABCDE approach’. 

“A” for assessment of cardiovascular risk and as- 
pirin therapy 
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“B” for blood pressure control 
“C” for cholesterol management 
“D” for diabetes prevention and dietary advice and 
recommendations 

“E” for exercise therapy: turn fat into muscles and 
energy! 

The authors regard this alphabetical approach as a 
practical framework for recognition, diagnosis and 
implementation of a comprehensive evidence-based 


management plan for the reduction of cardiovascular 
risk and its consequences on a large scale. 

To end on an optimistic note: recent studies have 
demonstrated multiple beneficial effects of moderate 
wine consumption in the protection against develop- 
ment of the MetSyn and its related medical complica- 
tions, including osteoporosis. 

So let’s raise a glass and drink to everybody’s good 
health! 
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mastocytosis, 209, 210 
osteoporosis, 40 
sclerosis, 213 

T 

tacrolimus (FK506), 218 
tamoxifen, 145, 219 
taxane, 262 
teeth loss, 57 
telomere 
length, 96 

shortening, 183, 204 
teriparatide, 81, 142, 143, 150 
testosterone, 21, 42, 52, 90, 183, 187, 218 
deficiency, 185, 186 
replacement therapy, 124, 183 
tetracycline, 81, 159 

TGF-bl, see transforming growth factor beta 1 
TGF-BETA3, 146 
thiazide diuretics, 204 
thiazolidinedione (TZD), 207 
thoracic kyphosis, 57, 60, 109 

three-dimensional X-ray absorptiometry (3D-XA), 61 
thromboembolism, 146 
thrombospondin-2, 7 

thyroid stimulating hormone (TSH), 92, 205 

thyrotoxicosis, 205 

tibolone, 121, 146 
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vitamin, 22 
A, 86, 117 
B12, 86 

C, 86, 112 
deficiency, 235 

D, 84, 85, 96, 104, 113, 179, 193, 197, 203, 213, 231, 232 
actions, 114 

activated metabolites, 117 
D3 analogues, 159 
deficiency, 97, 116, 180, 204, 206 
metabolism, 115, 117, 222 
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